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Section  1 
INTRODUCTION 


The  objective  of  this  in-flight  research  program,  utilizing  the  Air 
Force  Wright  Aeronautical  Laboratory  Total  in-F light  Simulator  CTIFS),  was  to 
generate  flying  qualities  data  that  will  allow  better  definition  of  design 
criteria  for  pitch  rate  command  systems  as  applied  to  the  flared  landing  task. 
The  landing  task  was  performed  to  evaluate  a  generic  transport  (.193,000  lb. 
grossj  with  static  instability  Ctime  to  double  amplitude  2  sec.),  that  was 
augmented  with  various  flight  control  system  configurations.  The 
lateral/directional  model  was  augmented  to  Level  1  flying  qualities  and  was 
fixed  for  the  entire  program. 

The  experiment  considered  variations  in  short  period  frequency  Cl. 8 
and  2.8  rad/sec.)  and  1/t02  CO. 4,  0.7,  and  1.0).  The  following  factors  were 
considered  in  the  flight  control  system  CFCS): 

•  Pitch  rate  feedback  with  proportional  and  integral  forward  paths. 
Rate  command  design. 

•  A  lead/lag  pre-filter  added  to  increase  the  response  at  frequen¬ 
cies  higher  than  1/tQ2. 

•  “Superaugmentation**  Ci.e.,  high  levels  of  proportional  and 
integrator  gain) . 

•  Lead/lag  prefilter  applied  to  Superaugmentation. 

•  Neutral  static  stability  C first  order  pitch  rate  response). 

•  Angle  of  attack  and  pitch  rate  feedback  to  provide  Level  1  con¬ 
ventional  aircraft  response. 
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•  A  command  path  wash-out  pre-filter  to  provide  monotonic  (con¬ 
ventional)  pitch  stick  forces  in  the  flare  by  reducing  the 
response  of  the  rate  command  design  at  frequencies  lower  than 
a)  =  .2  rad/sec. 

Also  considered  were  the  “shuttle  like"  models  combined  with  various 
shuttle  flight  control  system  concepts.  Application  of  the  command  path  wash¬ 
out  filter  to  a  number  of  the  “shuttle  like"  configurations  was  also  tested. 

Two  NASA  evaluation  pilots  participated  in  this  program.  The  NASA 
Dryden  pilot  evaluated  all  configurations.  The  NASA  Langley  pilot  evaluated 
all  non-shuttle  configurations  and  four  shuttle  configurations. 

Pilot  comments  and  ratings  were  recorded  in  flight.  This  data  is 
considered  as  the  principal  data  obtained  from  this  program.  In  addition, 
model  responses  and  data  pertinent  to  trajectory  analysis  were  recorded. 

The  configurations  were  presented  to  the  pilots  in  an  order  that 
mixed  good  and  bad  configurations  so  as  to  inhibit  bias.  Repeat  evaluations 
of  configurations  were  performed  where  pilot  rating  disparity  existed  or  in 
areas  where  interest  developed  during  the  experiment  (i.e.,  in  order  to  verify 
unexpected  trends  etc.). 

A  total  of  twenty  seven  configurations  were  tested.  These  were 
constructed  from  seven  aerodynamic  models: 

1.  1/tq2  =0.4 

2.  1/tq2  =  0.7 

3.  1/tq2  =  1.0 

4.  Neutral  static  stability  with  1/tq2  =  0.4 

5.  Neutral  static  stability  with  1/tq2  =0.7 

6.  Shuttle  like 

7.  Shuttle  like,  with  canard 


and  eight  pitch  axis  flight  control  systems: 

1.  Proportional  plus  integrated  pitch  rate  feedback,  low  ain 

sp 

2.  Proportional  plus  integrated  pitch  rate  feedback,  high  wncn 

sp 

3.  Superaugmented 

4.  Conventional  Augmentation  (a  and  q  feedback) 

5.  Calspan  Shuttle  FCS 

6.  Modified  Shuttle  FCS 

7.  OFT  Shuttle  FCS 

8.  Calspan  Shuttle  FCS  plus  time  delay 
(equivalent  to  body  bending  filter  in  forward  loop) 

Various  combinations  of  the  above  models  and  flight  control  systems, 
with  selected  application  of  the  pre-filter,  and  wash-out  filter  comprised  the 
twenty  seven  tested  configurations.  All  configurations  were  flown  at  the  same 
flight  condition;  132  KTS  IAS,  model  flaps  50°  and  gear  down.  The  task  con¬ 
sisted  of  a  VFR  approach  and  landing  to  touch  down. 

More  detailed  descriptions  of  the  configurations  which  were  evaluated 
are  outlined  and  illustrated  in  Section  2  along  with  other  details  of  the 
experiment  design.  Section  3  presents  the  mechanization  of  the  experiment 
including  the  description  of  the  TIFS  setup.  Section  4  presents  the  results 
of  the  program,  including  data  collected  and  analysis.  Section  5  contains  the 
conclusions.  Appendix  M  contains  a  full  set  of  figures.  Selected  figures  are 
presented  in  the  text  of  the  report,  consequently  the  numbers  of  these 
selected  figures  may  not  be  continuous. 
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Section  2 
EXPERIMENT  DESIGN 

2.1  CONFIGURATION  DESCRIPTION 

The  experiment  consisted  of  eight  configuration  sets  that  made  up  a 
total  of  twenty  seven  configurations  which  were  flight  tested.  The  con¬ 
figuration  numbering  system  was  made  up  of  three  to  four  digits: 

/—Configuration  Set  Number 
Sequence  Within  Set 
- Aircraft  Model 

j - Command  Path  Mods  (1  =  wash-out  prefilter) 

X  -  X  -  X  -  X 

2.1.1  Configuration  Development 

A  general  purpose  flight  control  system  was  developed  in  analog  form 
for  the  experiment  and  is  shown  in  Figure  1  and  further  described  in  Section 
2.1.3.  Selection  of  switch  positions  and  gain  changes  allowed  for  all  the 
variations  required  for  the  experiment.  Feedback  and  loop  gains  were  adjusted 
to  provide  the  level  of  augmentation  desired.  In  addition,  a  bank  angle  and 
velocity  feedback  was  available  to  automatically  command  the  elevator  deflec¬ 
tion  required  for  level  turns.  Command  path  variations  provided  for  changes 
in  command  gain  (Kc),  addition  of  transport  time  delays  (T^),  a  wash-out 
filter  (which  converted  rate  command  to  angle  of  attack  command  at  low  fre¬ 
quency  for  the  landing  flare),  and  a  lead/lag  prefilter  (used  to  position  a 
pole  to  cancel  the  control  system  zero  and  to  place  a  zero  so  as  to  restore 
lAe2  in  selected  configurations,  i.e.,  cancel  the  X2  root  near  1/t02). 

The  digital  aerodynamic  model  was  of  a  generic  transport  with  a  gross 
weight  of  193,000  lbs  at  132  KIAS  gear  down  and  50°  flaps.  The  basic  model 
was  modified  into  seven  aerodynamic  configuration  models: 
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Aerodynamic 
Model  No. 

Description 

Major  Change  to 
Achieve  Modification 

1 

Basic  with  1/t92  =0.4 

2 

Basic  with  1/tQ2  =0.72 

3 

Neutral  static  stability 

e 

CJ 

and 

with  1/tq2  =0.4 

4 

Neutral  static  stability 
with  1/t92  =0.72 

and  CMrj 

5 

Shuttle  like  (1/t02  =  0.4) 

and  CU{e 

6 

Shuttle  like  canard  (1/tQ2  =0.4) 

and  CL5e 

7 

Basic  with  1/tq2  =1.0 

CLc 

A  combination  of  these  seven  aircraft  digital  models  plus 
variations  in  the  analog  flight  control  system  (flight  control  system 
variations  will  be  discussed  in  paragraphs  2.1.3  -  2.1.10)  provided  the  twenty 
seven  flight  tested  configurations. 
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engaged.  Model  time  history  overlays  were  used  to  verify  the  model  on  the  on¬ 
board  strip  chart  and  TIFS  model  following  was  monitored  throughout  the  eva¬ 
luation.  In  addition,  the  step  response  was  recorded  using  the  on-board 
digital  recorder.  During  post  flight  analysis  all  configurations  were  re- 
verified  using  the  recorder  data.  As  an  example,  on  flight  744,  the  last  data 
flight,  a  shuttle  configuration  was  flown  back  to  back  with  the  same  con¬ 
figuration  using  the  wash-out  filter.  The  addition  of  the  wash-out  filter 
raised  the  handling  qualities  rating  from  a  seven  to  a  three.  In  order  to 
verify  that  the  only  difference  in  the  two  configurations  was  the  wash-out 
filter  the  TIFS  motion  responses  to  the  test  inputs  were  stripped  from  the 
data  tape  and  compared  to  the  computer  time  histories.  The  comparison 
verified  the  configurations.  Any  subsequent  configurations  that  were  in 
question  were  verified  by  the  same  method. 

2.1.3  Set  1  Configurations 

The  set  consisted  of  three  “conventional*'  pitch  rate  feedback  con¬ 
figurations  with  proportional  plus  integral  paths:  These  configurations  exhi¬ 
bit  minimal  pitch  rate  overshoot  (and  subsequent  sluggish  angle  of  attack 
responsej.  The  loop  gain  (K|_}  was  set  at  4.0  which  resulted  in  a  nominal 
short  period  of  un  =  2.8  and  £  -  0.8  as  I/t^  was  set  at  three  levels?  0.38, 
0.72,  and  1.0  (nz/a  2.6,  5.0,  and  6.4  respectively}. 

The  short  period  dynamics  for  the  experiment  were  picked  from  within 
Level  1  boundaries  of  the  short  period  frequency  requirements  Class  III, 
Category  C  flight  phase  (MIL-F-8785C)  at  the  (nz/a}  levels  that  were  chosen 
(Figure  2).  These  dynamics  were  obtained  from  a  single  flight  control  system 
implementation  by  changing  loop  gain  (KjJ.  (See  Appendix  I,  Root  Locus 
Plots} . 


The  range  of  values  for  1/tq2  for  most  aircraft  in  power  approach  is 
from  ~  0.3  to  1.0,  with  the  majority  falling  from  0.5  to  0.7.  Consequently 
the  low  value  of  lAe2  chosen  for  this  experiment  was  0.38  (nz/oi  =  2.6}  which 
is  near  the  shuttle  value.  The  mid  range  value  was  chosen  at  0.72  (nz/a  = 
5.0}  because  it  matches  the  NT-33  and  Calspan  Learjet  and  could  be  correlated 
with  data  from  those  in-flight  simulators.  A  high  value  of  1.0  (nz/a  =  6.4} 
was  chosen  as  a  reasonable  upper  limit. 


LEVEL  2 


SET  1  MATRIX 


SET  1  FLIGHT  CONTROL  SYSTEM 
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SET  1  TABLE  SUMMARY 


Config 

l°nsp 

^sp 

lAe2 

KC 

kl 

Kl 

WSfM 

mm 

2.79 

0.8 

0.38 

0.44 

1.8 

B 

2 

1 

2.7  6 

0.8 

0.72 

0.82 

1.8 

2 

2 

B 

2.73 

0.8 

1.0 

1.19 

1.8 

■ 

2 

7 

SET  1  ROOT  LOCUS  PLOTS 

(Simplified,  low  residue  near  origin  deleted  for  clarity) 


See  Appendices  A,  B,  and  C  for  time  histories, 
Bode  plots,  and  transfer  functions 
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2.1.4  Set  2  Configurations 

This  set  consisted  of  two  configurations  obtained  from  the  same 
flight  control  system  as  set  1  but  at  a  lower  loop  gain,  (i.e.,  2.0).  This 
resulted  in  a  nominal  short  period  of  (un  ~  1.8,  £  ~  0.6  as  1/tQ2  was  set  at 
0.38  and  0.72. 


SET  2  MATRIX 


SET  2  FLIGHT  CONTROL  SYSTEM 
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SET  2  TABLE  SUMMARY 


Config 

“"sp 

^sp 

1As2 

*2 

KC 

kl 

Kl 

A/C 

Model 

2-1-1 

1.78 

0.6 

0.38 

0.5 

1.8 

2 

2 

1 

2-2-2 

1.75 

0.6 

0.72 

0.93 

1.8 

2 

2 

2 

SET  2  ROOT  LOCUS  PLOTS 

(Simplified,  low  residue  near  origin  deleted  for  clarity) 


See  Appendices  A,  B,  and  C  for  time  histories, 
Bode  plots,  and  transfer  functions 
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2.1.5  Set  3  Configurations 


This  was  a  neutral  static  stability  set  obtained  by  removing  the 
integrator  in  the  forward  path  and  modifying  the  aircraft  model.  The  first 
order  pitch  rate  time  constant  was  0.4  secs.  1/tQ2  was  set  at  0.38  and  0.72. 
Level  turn  augmentation  (ij)2  feedback)  was  not  used. 

SET  3  MATRIX 


0.72 


SET  3  FLIGHT  CONTROL  SYSTEM 


Fes 

FEEL 

+ 

kL 

ACT 

AIRCRAFT 

■ 

m 

MODEL 

q 
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SET  3  TABLE  SUMMARY 


Config 

mm 

lAe2 

*2 

KC 

«L 

Kl 

Bag 

3-1-3 

0.4 

0.38 

0.25 

1.8 

2 

0 

3-2-4 

0.4 

0.72 

0.25 

1.8 

2 

0 

SET  3  ROOT  LOCUS  PLOTS 

(Simplified,  low  residue  near  origin  deleted  for  clarity) 


1 


U,2)  (2)  (1)  (1,2) 

T - X - r— - rXD  >0 

-3  -2  -1 


See  Appendices  A,  B,  and  C  for  time  histories, 
Bode  plots,  and  transfer  functions 
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2.1.6  Set  4  Configurations 


Set  4  was  a  repeat  of  1-1-1,  1-2-2,  and  1-3-7  with  the  addition  of 
the  Calspan  lead/lag  prefilter  that  restores  the  I/tqj  zero  and  cancels  the 
Kj  zero.  The  result  is  a  more  "airplane  like"  pitch  rate  overshoot  which 
provides  a  more  brisk  angle  of  attack  response.  The  pre-filter  configurations 
required  a  reduction  in  Kc  (command  gain)  in  order  to  normalize  pitch  sensi 

6es  Tz 

tivity  i.e.,  KL  'S.  MS  =  const* 
es  es  F  °e 

Configuration  4-3-7-1  added  the  Calspan  washout  filter  to  the  command 
path  of  the  flight  control  system.  This  filter  put  a  zero  at  the  origin  and  a 
real  root  at  a  typical  phugoid  magnitude.  The  result  was  that  the  pilot  could 
use  monotonic  pitch  stick  flare  forces  in  the  landing  flare  rather  than  having 
to  reverse  pitch  stick  forces  as  required  by  classical  rate  command/attitude 
hold  systems. 


SET  4  MATRIX 


1/tq,  =  0.38  \  1/tQ9  =  0.72 — l/xe  =  1.0—^  1/t9  =  1.0 


(4-1-1) 

(4-2-2) 

(4-3-7) 

(4-3-7-1) 

1/TZ  =  0.44 

1  Az  =  0.82 

1AZ  =  1.19 

lAz  =  1-19 

IAf  =  2.0 

IAf  =  2.0 

IAf  =  2.0 

IAf  =  2.0 

lA  wo  =  0*2 

(i)n  —  2 . 27 
$  =  0.46 


SET  4  FLIGHT  CONTROL  SYSTEM 


(Used  for  \ 
Configuration  j 

,  4-3-7^  / 


SET  4  TABLE  SUMMARY 


Config 

o>n 

* 

CN 

a> 

< 

*2 

Kc 

Kl 

Kl 

1AZ 

IAf 

lAwo 

4-1-1 

2.79 

0.8 

0.38 

0.44 

0.4 

H 

2 

0.435 

2 

- 

— 

4-2-2 

2.76 

0.8 

0.72 

0.82 

0.8 

□ 

2 

0.821 

2 

2 

4-3-7 

2.73 

0.8 

1.0 

1.19 

1.0 

H 

2 

1.190 

2 

- 

7 

4-3-7-J 

2.73 

0.8 

1.0 

1.19 

1.0 

a 

2 

1.190 

2 

0.2 

7 
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SET  4  ROOT  LOCUS  PLOTS 


(Simplified,  low  residue  near  origin  deleted  for  clarity) 


See  Appendices  A,  B,  and  C  for  time  histories, 
Bode  plots,  and  transfer  functions 


2.1.7  Set  5  Configurations 


Set  5  was  a  repeat  of  2-1-1,  and  2-2-2  with  the  addition  of  the 
lead/lag  pre-filter.  As  in  the  "pre-filter"  configurations  command  gain  (Kc) 
was  reduced  to  normalize  pitch  sensitivity. 

SET  5  MATRIX 


0.72 


SET  5  FLIGHT  CONTROL  SYSTEM 
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SET  5  TABLE  SUMMARY 


Config 

con 

2 

1Aq2 

*2 

Kc 

Kl 

1 — 1 

> 

N 

iAf 

mam 

12323 

5-1-1 

1.78 

0.6 

0.38 

0.5 

0.5 

2 

2 

0.5 

2 

i 

5-2-2 

1.75 

0.6 

0.72 

0.93 

0.9 

2 

2 

0.931 

2 

2 

SET  5  ROOT  LOCUS  PLOTS 

(Simplified,  low  residue  near  origin  deleted  for  clarity) 


See  Appendices  A,  B,  and  C  for  time  histories, 
Bode  plots,  and  transfer  functions 
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2.1.8  Set  6  Configurations 


Configuration  6-1-1  was  a  " superaugmented’*  configuration  i.e.,  high 
proportional  plus  integrator  gain  in  the  flight  control  system  forward  loop. 
Configuration  6-1-1-1  added  the  washout  filter  to  the  command  path. 
Configuration  6-2-1  adds  the  lead/lag  prefilter  which  cancels  the  control 
system  zero  at  Kj  and  restores  the  I/t^  zero  (command  gain  Kc  was  reduced  to 
normalize  pitch  sensitivity).  Configuration  6-2-1-1  added  the  washout  filter 
to  the  command  path,  to  the  6-2-1  configuration. 


SET  6  FLIGHT  CONTROL  SYSTEM 


(  For  configurations  ] 
\  6-1-1-1  and  6-2-1-1  / 
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SET  6  TABLE  SUMMARY 


Config 

0)n 

S 

lAe2 

*2 

KC 

kl 

Kl 

lAz 

iAf 

!Awo 

msm 

6-1-1 

2.27 

0.46 

0.38 

0.45 

D 

2 

3 

- 

- 

i 

6-1-1-1 

2.27 

0.46 

0.38 

0.45 

1.8 

2 

3 

- 

0.2 

i 

6-2-1 

2.27 

0.46 

0.38 

0.45 

0.45 

2 

3 

0.448 

3 

- 

i 

6-2-1-1 

2.27 

0.46 

0.38 

0.45 

0.45 

2 

3 

0.448 

3 

0.2 

i 

SET  6  ROOT  LOCUS  PLOTS 

(Simplified,  low  residue  near  origin  deleted  for  clarity) 


See  Appendices  A,  B,  and  C  for  time  histories, 
Bode  plots,  and  transfer  functions 


2.1.9  Set  7  Configurations 


Configuration  7-1-4  was  a  ’*  conventional"  aircraft  configuration  that 
was  known  to  be  Level  1.  It  was  obtained  by  using  angle  of  attack  and  pitch 
rate  feedback  to  one  of  the  neutral  static  stability  aircraft  models.  Turn 
compensation  was  not  used. 


SET  7  FLIGHT  CONTROL  SYSTEM 


^es 


SET  7  TABLE  SUMMARY 


Config 

u>n 

Ssp 

CL 

C 

3 

1Ae2 

KC 

kl 

Ka 

Kq 

M2BM 

2.84 

0.8 

0.16 

0.01 

0.72 

6.0 

1.0 

D 

2.0 

4 
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SET  7  ROOT  LOCUS  PLOTS 


(Simplified,  low  residue  near  origin  deleted  for  clarity) 


See  Appendices  A,  B,  and  C  for  time  histories, 

Bode  plots,  and  transfer  functions 

2.1.10  Set  8  Configurations 

Set  8  consisted  of  five  basic  configurations.  Four  of  these  were 
modified  with  the  washout  filter  for  a  total  of  nine  configurations  flown  in 
this  set.  The  5  basic  configurations  were  "shuttle  orbiter  like"  in  that  the 
aircraft  models  exibited  a  I/t^  value  of  0.40  (close  to  the  shuttle),  and  4 
of  the  models  had  L$  values  that  placed  the  pilot  approximately  10  feet 
behind  the  center  of  pitch  rotation.  The  other  Set  8  model  was  a  "shuttle 
like"  canard  configuration  with  an  L$  value  that  placed  the  pilot  54  feet  in 
front  of  the  pitch  rotation  center  (this  assumed  a  canard  that  placed  the 
rotation  center  near  the  shuttle  center  of  gravity). 

Configuration  8-1-5  and  8-1-5-1 

Configuration  8-1-5  was  a  Calspan  design  for  a  shuttle  flight  control 
system  similar  to  that  presented  in  Reference  1.  It  uses  the  same  augmented 
short  period  values  of  frequency  and  damping  as  the  shuttle  OFT  flight  control 
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system  but  has  less  time  delay  and  incorporates  the  pre-filter  in  the  command 
path  to  cancel  the  x'2  root  and  thus  restore  the  effect  of  the  1/tQ2  zero. 
Configuration  8-1-5-1  added  the  washout  filter  to  the  command  path  to  provide 
monotonic  pitch  stick  forces  during  the  landing  flare. 

Configurations  8-2-5  and  8-2-5-1 

Configuration  8-2-5  was  an  alternate  shuttle  flight  control  system 
that  consisted  of  a  lower  augmented  short  period  frequency  and  incomplete  can¬ 
cellation  of  the  root.  This  was  intended  to  be  similar  to  the  NASA  Dryden 
shuttle  flight  control  system  of  Reference  1  but  did  not  incorporate  all  of 
the  effects  of  the  Dryden  lead/lag  filter  in  the  feedback  loop.  The  effect 
was  to  slow  the  response  significantly.  Configuration  8-2- 5-1  added  the  wash¬ 
out  filter  to  the  command  path. 

Configuration  8-3-5  and  8-3-5-1 

Configuration  8-3-5  consisted  of  equivalent  pole/zero  locations  of 
the  shuttle  OFT  system.  This  was  achieved  by  using  the  command  path  lead/lag 
filter  to  cancel  and  place  roots  in  appropriate  locations.  In  addition,  47 
milliseconds  of  transport  time  delay  was  added  to  the  command  path  to  provide 
the  total  220  millisecond  time  delay  of  the  shuttle  OFT.  Configuration 
8-3-5-1  added  the  washout  filter  to  the  command  path. 

Configuration  8-4-6 

This  configuration  consisted  of  the  Calspan  shuttle  flight  control 
system  (configuration  8-1-5)  with  an  aircraft  model  that  was  canard  con¬ 
figured.  The  basic  difference  between  this  and  the  other  shuttle  models  was 
the  change  in  location  of  pitch  rotation  center  from  10  feet  in  front  of  the 
pilot  (for  the  conventional  shuttle)  to  54  feet  behind  the  pilot  (for  the 
canard  configuration). 

Configuration  8-5-5 


This  configuration  was  the  same  as  8-1-5  (Calspan  Design)  with  a  time 
delay  of  35  milliseconds  added  to  the  command  path  to  simulate  a  shuttle  body 
bending  filter  in  the  forward  loop. 

2-21 


SET  8  ROOT  LOCUS  PLOTS 


(Simplified  low  residue  near  origin  deleted  for  clarity). 
Configurations  8-1-5,  8-1-5-1,  8-4-6,  and  8-5-5 


Washout  Filter 

Configurations  8-2-5  and  8-2-5-1 


2.2  MODEL  EQUATIONS  OF  MOTION,  MODEL  AERODYNAMICS,  AND  FLIGHT  CONTROL 
SYSTEM  PARAMETERS 

2.2.1  Model  Equations  of  Motion 

The  equations  of  motion  programmed  into  the  TIFS  digital  computer 

were: 

Force  Equations  (in  degrees) 

l-  tCD  c°s  eM  -  Cy  sln  V  '  9  sln  VM 

+  I  [  CTx  cc>s  “m  +  Tz  sln  “m)  “s  bm  ] 

where:  sin  ym  =  cos  B^  (cos  sin  e  -  sin  cos  e  cos  <jj) 

-  sin  Bm  cos  e  sin  ij) 


2. 


^  = 


-57.3  q  S  CL 
m  VM  cos  eM 


V„5ros  L  (00S  eM  005  *M  cos  °M  +  sin  eM  Sin  °M> 


M  HM 

+  qM  -  tan  BM  (pM  cos  aM  +  rM  sin  o^) 

+  m  ,<57:L  o  (T  ,C0S  a  u-  T  sin  a  .J 

m  cos  '  z  M  x  M 


M 


3.  Bm  -  m  ^Cy  cos  eM  +  CD  Sin  ®M^ 

M 

57  3  Q 

+  y  2  [cos  eM  cos  Bm  sin  (j)M-  sin  BM(cos  eM  cos  <j>M  sin  -  sin  eM  cos  c^)] 
+  p^  sin  -  rM  cos  ot^ 

”  i~V^  [  Sin  VTz  sin  «M  +  Tx  cos  “m-1] 
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Moment  Equations  [body  axis) 


m  im 

4.  qM  =  j-9  -  [  cm  -  =“  CC^  cos  +  CD  sin  o^) 

yy  u 


Az, 


CG 


+  — T2  ^  cos  aM  ’  CL  Sin  °W] 
c 


IZZ~Ixx  PMrM 

ryy  57'3  xyy 


I  r2  —  02 

Xxz  rM  PM 


57.3 


5.  PM  =  L'+ 


Vm 

57.3 


IVV~IZZ  PMqM  *xz 

*xx  57*3  *xx 


i  +  Ixj<~Iyy 

izz 


“XX 


6.  rM  =  N*  + 


Pm^m  Iw-I 


JMHM 

57.3 


xx  ~yy  ,  qMrM 
izz  57.3 


xz 

[zz 


-i 

xx 


+  L 9 
lzz 


7.  |_  *  =  Stj-fl-Sb  + 

XX 


^pr  yTATz 

-M  C  +  ^  (57.3) 

y  xx 


t  m*  -  57^3  Q  _5b  p 

-  I„  Cn 


AX 


CG 


yrAT 


T  x 


b  y  I 


(57.3) 


zz 


9*  hM  =  VMSin  yM 
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10.  Tx  =  (Fl  -  Fr)  COS  cty 

11  ‘  Tz  =  _(FL  +  sin  aT 

12.  ATX  =  (F  R  -  Fl)  cos  oty 

13.  ATZ  =  (Fl  -  Fr)  sin  aT 


Nondimensional  aerodynamic  co-efficients  were  defined  by  the 
following  equations: 


a'  %  *  CD  *  ^  Ca)  +  CD  atc,2)  +  CD. 

0  Ot  CL  0 

e 


+Cn  (LG)  +  CD  F0(h) 
ULG  UGE  U 


b.  (^  =  CL  +  L  (a)  +  (C.a  +  C,  q) 
0  Lot  ^  ‘‘a  Lq 

+  C,  6e  +  C,  SP  +  C.  6H 
SP  l6H 


+  CL,  -5CN+CL.  fL^ 


CN 


GE 


c*  cm  =  cm  +  cm  &  +  W  +  cm  $ 
0  a  a  q 


+  cm.  6e  +  Cm  5H  +  Cm  6,  ft  +  Cm  Fm(h) 


6H 


m.  °LG  '■'rruJ  m 


LG 


GE 
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d.  C  =  CB  +  C  6  +  -£  (c  p  +  C  r) 
n  nQp  n.  r  2V  ^  n_H  n  J 


+  Cn.  6a  +  Cn.  6SP 
6a  6SP 


e.  ^  ^  (C^  p  +  C^r)  +  C^B  +  6a 


«r  4xn  ln  /Fout  °ut  {CN 


f. 


B  +  C, 


+  C 

y 


+  cy  p) 

yt 


where:  6sp  =  Spoilers 
§CN  =  Canards 

=  Horizontal  Tail 
fiFj[n  =  Flaps  Inboard 
6Fout  =  Flaps  Outboard 


2.2.2  Model  Aerodynamics 

It  was  desired  that  the  "Generic  Transport"  be  typical  of  future 
medium  sized  relaxed  stability  transport  aircraft.  It  should  be  around 
200,000  lbs.  gross  weight  and  should  have  Level  1  lateral/directional  charac¬ 
teristics  for  this  longitudinal  investigation.  Consideration  was  given  to 
options  such  as:  the  NLR  F-4  configuration  (Reference  3),  various  con¬ 
figurations  from  the  Large  Aircraft  program  (Reference  4),  and  Shuttle  Orbiter 
configurations.  As  this  search  for  a  "Generic  Transport"  was  being  conducted 
the  NASA  Twin  Body  program  was  being  modeled  in  TIFS.  A  look  at  this  program 
confirmed  that  the  Twin  Body  Model  could  meet  the  requirements  for  the 
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"Generic  Transport"  with  minor  modifications.  The  gross  weight  was  193,000 
lbs.,  the  augmented  lateral/directional  characteristics  were  Level  1,  it  could 
be  destabilized  by  changing  Cmc(,  various  values  of  1/t02  could  be  obtained  by 
changing  C|_a,  and  by  changing  C|_g  "shuttle  like"  configurations  were 
available.  Consequently  it  was  determined  that  a  suitable  "Generic  Transport" 
could  be  obtained  in  a  very  cost  effective  and  efficient  manner  by  modifying 
the  twin  body  data  base  and  placing  the  pilot  on  centerline.  As  Cma  and 
C|_a  are  not  independent  variables  the  list  of  derivatives  that  required  change 
in  order  to  obtain  the  desired  modification  grew  to: 


and  Cm 
m 


a 


The  additional  derivatives  requiring  change  resulted  from  the  necessity  to 
maintain  trim  conditions  and  drag  front-side/back-side  relationships  as  C|_a 
and  Cma  were  varied.  A  more  detailed  account  is  given  below. 


2. 2. 2.1  Static  Stability  Considerations 


Study  of  Reference  2,  3,  and  4  and  various  shuttle  orbiter  literature 
indicated  that  a  unstable  value  of  =  +0.3  would  be  a  "typical  worst  case" 
value  for  an  unaugmented  relaxed  stability  transport.  Consequently  a  three- 
degree-of-freedom  computer  program  was  used  to  determine  that  a  value  of  Cma  = 
+0.02269  (per  deg),  1.3  (per  rad)  would  provide  a  nominal  value  of  =  +0.3 
as  lAg2  was  varied  from  0.72  to  1.0: 


Cma  (1/deg) 

0.02269  0.02269 

0.02269 

1/tq2 

0.38  0.72 

1.0 

*1 

0.346  0.236 

0.221 

Tdouble 

2.0  sec  2.9  sec 

3.1  sec 

necessary  to 

maintain  trim  Cm  as  Cm(j 

was  changed  to  accomplish  the 

required  instability.  The  basic  Twin  Body  data  for  Cm  was  of  the  form: 


C  =  C  +  C  (6  )  +  C  <S.  +  C  LG 

m  ^feasic  m6g  e  ^  mLG 


+  V +  V +  VE 
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was  put  in  the  form: 


c  was  a  table  look  up  of  Cm  vs  a. 

mBasic  • mBasic 


Basic 


+  C, 


m 


a 

a 


where  Cn,a  was  determined  as  previously  discussed  and  C,^  was  determined  from 
trim  conditions.  Consequently  the  Cmgas^c  table  was  replaced  with: 


Cm0asic  =  -°*5018  +  C0-02269)a 


The  overall  Cm  equation  was  then  in  the  final  form: 


Cm  -  cmg  +  cmaa  +  Cm^e  +  - 

For  the  neutral  static  stability  configuration  (3-1-3  and  3-2-4)  Cma  was  set 
to  zero  and  Cm0  was  set  to  CmBasiCTrin). 


2. 2. 2. 2  Lift  Curve  Slope  Considerations 


It  was  desired  to  make  1/tQ2  one  of  the  experiment  variables.  This 
was  effected  by  changing  C|_a  to  obtain  values  of  I/t^  of  0.38,  0.72,  and  1.0. 
From  the  lift  and  moment  equations  and. the  resultant  q(s)/<Se  transfer  function 
it  can  be  shown  that: 


La-M 


a 


1 


and  as  a  first  approximation: 
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A 


This  last  relationship  was  used  as  the  start  of  an  iterative  process  using  the 
three  degree  of  freedom  computer  program  to  arrive  at  the  final  values  of  Ci 

L(X 

for  the  desired  levels  of  1/t02  with  the  following  results: 

1/tq2  0.38  0.72  1.0 

C|_a  (1/deg)  0.00632  0.1222  0.1745 

C|_a  (1/rad)  0.36  7.0  10.0 

2. 2. 2. 3  Lift  Curve  Considerations 


In  order  to  maintain  trim  conditions  with  changes  in  q_a  a  new  value 
of  Q_0  was  calculated  for  each  value  of  q_a: 

Q  =  C,n  +  C.n  (ot.,  J 

Arim  L0  La  ^rim 


<6  -  Sa.  - 

(where  n  denotes  a  specific  value  of  C|_  ) 

.  consequently  the  final  Cl  relationship  was: 


C,  =  c"  +  c"  (a) 

L  L0  La 


where: 


C  =  0.02269 

ma 

case 

1Ae2 

0.38 

0.72 

1.0 

C<-a 

0.06632 

0.1222 

0.1245 

CL0 

1.310 

1.136 

0.973 

For  the  Cma  =  0  case  new  values  of  CLa  were  required  for  the  1/t92  values 
desired.  These  were  obtained  in  the  same  manner  as  previously  described  and 
new  values  of  Clq  were  subsequently  calculated. 


Cm  =  0  case 


1/tQ2 

0.38 

0.72 

1.0 

CL« 

0.07155 

0.1274 

0.1815 

Cl0 

1.294 

1.120 

0.9507 

2-31 


2. 2. 2. 4  Drag  Polar  Considerations 

It  was  desired  to  maintain  the  trim  condition  at  the  "front  side"  of 
the  drag  polars.  In  order  to  achieve  this  it  was  necessary  that  CLjrim> 
c°Trim  and  the  Cq/Cl  relationship  be  maintained  as  Ci_a  was  varied. 

The  drag  polar  of  the  Twin  Body  was  in  table  look  up  form  of  Cq  vs  a. 
By  iterative  and  graphical  techniques  this  was  converted  to  the  forms 


'  =  n  +  a  +  a2 

^Basic  D0  Da  V 


=  0.1755  +  0.0142  a  +  0.001  oa 


Basic 


consequently  the  Cq  relationship  became: 


=  Cr 


+  Cn  <S„  +  Cn  LG  +  Cn  GE 


Basic 


LG 


'GE 


In  order  to  maintain  the  Cd/CL  relationship  it  was  necessary  to  put  the 
C°Basic  ec?uation  in  ternns  of  CL: 

C,  =  C.n  +  C,n  (a) 

L  L0  a 


s.- 


a  = 


a 


by  substitution  into: 


■'Dm  . 

Basic 


Cn  +  *^n  a  +  ^n  o®2 
0  a  a2 
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the  equation  in  terms  of  C|_  becomes: 


1. 


CD  CL  CD  CCL  )Z 

Cn  _  <*  L0  +  Dg2  S3 

Dri  f 


a 


(q; 

a 


r 

T) 


Cn  C,0  1 

_a  _  2  Da2  L0 
n  ^  ^  2 


a 

C" 

v 

«£ 

a  J 


Cc[_  ); 


a 


= 

1 

o 

o 

o 

1 _ 

+ 

i 

o 

o 

n 

V 

- 1 

a 

j 

_ i 

L  J 

L 

<? 


inserting  trim  values  of  C,  and  C.  ,  Cn  ,  Cn  and  Cn  yields: 

L0  La  u0  Ua  D-2 


a 


2.  CD  =  (0.1358)  +  (-0.05336)Cl  +  (0.0764)CL2 

In  order  to  maintain  the  trim  CD  vs  C.  relationship  the  values  of  Cn  ,  Cn  , 
and  Cq  ^  must  remain  constant  as  CL  is  changed. 


CL  CL 

L0  L 


By  setting  CQ  ,  CQ  and  CQ  of  equation  1  equal  to  the  trim  values  for  Cr 


C  C 

L  UL 

L0  L 


■'C2 

UL 


Cq  >  and  CD  of  equation  2,  values  for  CQ  ,  CQ  ,  and  CQ  can  be  found  for 
CL  CL  Oq  a  a2 

each  value  of  CL  that  will  maintain  the  desired  “front  side'*  relationship, 
a 


Using  equations  3,  4,  and  5  the  following  table  was  obtained 


/  0  case 

VT02 

0.38 

0.72 

1.0 

CD0 

0.1970 

0.1737 

0.208 

CDa 

0.00974 

0.01467 

0.01663 

CDa2 

0.000336 

0.00114 

0.00233 

S, 

=  0  case 

iAq2 

0.38 

0.72 

CDq 

0.1906 

0.1720 

CDa 

0.01099 

0.0150 

CDa2 

0.000471 

0.00124 

2. 2. 2. 5  Pitch  Rotation  Point  Considerations 


The  subject  flight  program  required  models  of  three  different  pitch 
rotation  locations  i.e.,  center  of  percussion.  First  was  the  Generic  Transport 
with  the  rotation  point  conventionally  located  a  nominal  distance  behind  the 
pilot.  Second,  a  "shuttle  orbiter  like"  configuration  with  the  rotation  point 
in  front  of  the  pilot.  Third,  a  canard  “shuttle  like"  configuration  with  the 
rotation  point  located  a  considerable  distance  behind  the  pilot. 

Figure  3  shows  the  geometric  locations  used  in  the  investigation.  The 
locations  (-£r  =  distance  from  the  CG)  were  obtained  by  changing 
following  manner: 


From  Appendix  G: 


^ r  = 


M.  +  zx  ^ 
Se  %  w 


where: 


-  -I <  sc. 


M,  =  j-  q  S  c  C, 


m. 


M« 


P  S  c2 
4  I  Lm* 

y  a 


Using  these  relationships  the  following  values  were  obtained: 


JT 

CL«e 


Shuttle 
+44  ft 
0.03239 


Generic  Transport  • 
+20  ft 
0.0149 


Canard  SSV 
-20  ft 
-0.0149 
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2.2.2 .6  Thrust  Considerations 


The  symmetric  thrust  acted  0.5  ft  below  model  CG  and  was  commanded  by 
a  four  handled  throttle  lever.  The  Twin  Body  thrust  model  was  found  to  be 
somewhat  complex  and  consequently  the  thrust  model  was  changed  to  a  simple 
first  order  response  with  a  one  second  time  constant.  This  proved  to  be  an 
excellent  thrust  response  and  the  thrust  control  task  became  transparent  to  the 
overall  pitch  tasks. 

2. 2. 2. 7  Time  Delay  Considerations  (Pitch  Axis) 

It  was  desired  to  match  inflight  time  delays  with  those  of  the  ground 
computer  generated  time  histories  of  Appendix  A  (10  sec  time  histories)  and 
Appendix  H  (1  sec  time  histories). 


Measurements  from  Appendix  H  showed  the  dynamic  element  time  delay 
(effective  time  delay  using  maximum  slope  intercept)  of  all  configurations  was 
of  the  order  of  115  milliseconds.  This  was  made  up  of: 


Form  Assumed  During 
Experimental  Design 


Effective 
Time  Delays 


Second  Order  Model  Actuator  wn  =  30  =■  46  ms 

£=  0.7 

Second  Order  Feel  System  ojn  =  20  -  70  ms 

£=  0.7 _ 

116  ms 


In  the  TIFS  aircraft  the  model  actuator  was  a  third  order  actuator 
(twin  body)  and  the  feel  system  was  the  TIFS  feel  system  of  wn  =  25,  )?=  0.7. 
Measurements  from  flight  data  showed  an  effective  time  delay  from  stick  force 
to  model  motion  of  approximately  100  ms  (with  the  exception  of  Shuttle  con¬ 
figuration  8-5-5  which  was  175  ms).  Additionally,  TIFS  model  following  delay 
from  model  motion  to  TIFS  motion  was  93  ms  for  a  total  time  delay  of  193  ms 
from  stick  force  to  TIFS  motion.  Model  following  delay  could  have  been  reduced 
through  additional  flight  tests,  however,  a  more  cost  effective  way  to  reduce 
overall  time  delay  was  to  remove  the  third  order  actuator  from  the  model.  This 
reduced  the  time  delay  from  stick  position  to  model  motion  to  24  ms. 
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The  time  delay  account  became: 


TIFS  Feel  System  (0.7,  25) 

=  56  ms 

Generic  Transport  Model 

=  24  ms 

TIFS  Model  Following 

=  93  ms 

Total 

173  ms 

Considering  that  the  minimum  effective  time  delay  that  can  be  expected  from  an 
aircraft  with  an  actuator  and  a  feel  system  will  be  100  ms  from  these  dynamic 
elements  alone  it  was  felt  that  the  173  ms  figure  was  probably  representative 
of  practical  designs  and  did  not  justify  expenditure  of  time  and  money  in 
attempts  to  reduce  it.  Subsequent  flight  results  showed  a  number  of  Level  1 
configurations  thus  demonstrating  that  the  decision  to  accept  the  173  ms  time 
delay  (stick  force  to  TIFS  motion)  for  this  investigation  was  reasonable. 

Some  shuttle  like  configurations  required  additional  time  delay  and 
these  were  accomodated  using  the  command  path  transport  time  delay  circuit  of 
the  flight  control  system  (Figure  1).  Shuttle  configuration  time  delays  are 
shown  below: 

TIFS  Added 

Confiq.  Desired  Delay  Fixed  Delay  Transport  Dela1 

8-1-5  150  ms  173  ms  0 

8-2-5  170  ms  173  ms  0 

8-3-5  220  ms  173  ms  47  ms 

8-4-6  150  ms  173  ms  0 

8-5-5  208  ms  173  ms  35  ms 

2. 2. 2. 8  Feel  System  Parameters 

The  feel  system  parameters  were  chosen  during  the  calibration  flights. 
Known  good  feel  system  parameters  were  used  as  the  starting  point  and  were 
slightly  modified  to  provide  good  characteristics.  Ideally  the  feel  system 
should  have  been  "transparent**  to  the  flight  test.  The  lack  of  evaluation 
pilot  comments  concerning  the  feel  system  (Appendix  F)  indicates  that  this  was 
achieved. 
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Below  are  the  feel  system  parameters  that  resulted  from  the  calibra 
tion  flights  and  were  used  throughout  the  investigations 


Column 

Pitch 

Wheel 

Roll 

Pedals 

Yaw 

Gradient 

12  (lbs/in) 

0.27  (lb/deg) 

36  (lb/in) 

ojn  (rad/sec) 

25 

20 

12 

£ 

0.7 

1.5 

0.6 

Breakout  (lbs) 

4.0 

1.0 

12 

2.2.3  Generic  Transport  Physical  Characteristics 


Constant  Characteri sties 


Weight  (W) 

Mass  (M) 

Wing  Aera  (S) 
Wing  Span  (b) 
Wing  Chord  (c) 

*xx 

Iyy 

I  zz 
Ixz 

xPilot  Eye 

TZ 

Trim  Conditions 


193,000  lbs. 
5999.4  slugs 
2147  ft2 
157  ft 
15.074  ft 
4,003,900  slug- ft 
5,408,550  slug- ft 
9,181,470  slug-ft 
223,410  slug-ft 
34  ft 
+0.5  ft 


Vjrim  =  132  KIAS  (223  fps) 

q  =  59.14  psf 

aj  =  3.12  deg 

5Flap  =  50  deg 

6hTrim  =  -8*83  de9 

6eirim  =  0 

Tjrim  =  30,620  lbs. 

CLt  =  1.51 

Cqt  =  0.244 
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Longitudinal  Non-Dimensional  Derivatives  (degrees) 


1Aq2 

=  0.38 

0.72 

1.0 

Ma  /  0 

CL0 

1.310 

1.136 

0.973 

CLa 

0.06632 

0.1222 

0.1745 

Ma  =  0 

CL0 

1.294 

1.120 

0.9507 

C*-a 

0.07155 

0.1274 

0.1815 

Shuttle  Generic  Transport 

Canard 

CL«e 

0.03239 

0.0149 

-0.0149 

clGe 

0.0920  F(h) 

1/tq2 

=  0.38 

0.72 

1.0 

cDq 

0.1970 

0.1737 

0.208 

Ma  ^  0 

0.00974 

0.01467 

0.01663 

cDa2 

0.000336 

0.00114 

0.00233 

cDo 

0.1906 

0.1720 

— 

o 

II 

C°a 

0.0110 

0.0150 

- 

0.000471 

0.00124 

C°6e 

0.00005 

^LG 

0.01493 

^GE 

-0.0928  F(h) 

cm0 

-0.5018  (-0.431 

,  Ma  =  0) 

cma 

0.02269  (0  ,  Ma 

=  0) 

Cm«e 

-0.0443 

Cm«H 

-0.0642 

CfrLG 

-0.0087 

C|"GE 

-0.0072  F(h) 

-0.1352 

s 

-0.5848 
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Lateral/birectional  Non-Dimensional  Derivatives  (degrees) 


-0.03136 

0.00563 

0.01345 

0.00536 

-0.00256 

-0.01022 

0.00749 

0.00148 

0.00023 

0.00050 

0.00394 

-0.00074 

-0.00552 

0.00023 

0.00024 

-0.00169 


Lateral/birectional  Characteristics 


The  lateral/directional  characteristics  were  not  varied  during  the 
investigation  and  were  found  to  be  Level  1  and  consequently  “transparent*'  to 
the  longitudinal  investigation. 


Dutch  Roll 

Mode 

<Dn  (rad/sec) 

0.768 

t 

0.297 

*»n  (rad/sec) 

0.228 

P  (sec) 

8.57 

4>/B 

0.188 
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Roll  Spiral  Mode 
Tr  (sec) 
ts2  (sec) 

wrs  (rad/sec)  4.741 

^  jg  0 . 369 

■^rs  urs  (rad/sec)  1.748 
Prs  (sec)  1.47 

Roll  Control  Parameters 

u^/wjj  1.000 

V*d  1-001 


Ground  Effect 

The  ground  effect  model  was  that  of  the  NASA  Twin  Body  program  and  was 
defined  as  below: 

Clge  .  0.0920  FCh)^,^ 

CDqe  =  -0.0928  FCh)^ 

=  -0.0072  FCh)^,^ 

where: 

hWH(ft) 

>  157 
130 
110 
90 
80 
70 
60 
50 
40 
30 
20 
10 
0 

2-42 


h)cL.Cm 

F(h)c0 

0 

0 

0.002 

0.011 

0.006 

0.033 

0.013 

0.070 

0.021 

0.097 

0.034 

0.131 

0.054 

0.174 

0.085 

0.227 

0.128 

0.294 

0.188 

0.391 

0.275 

0.519 

0.435 

0.714 

1.000 

1.000 

2*2.4  Flight  Control  System  Parameters 


Figure  1  is  the  pitch  axis  flight  control  system  used  in  this  investi¬ 
gation.  The  lateral/directional  flight  control  system  was  that  of  the  NASA  Twin 
Body  aircraft  with  the  pilot  located  on  the  centerline.  The  lateral/  direc¬ 
tional  flight  control  system,  as  implemented,  proved  to  be  Level  1  for  the  tasks 
flown  and  was  not  a  variable  or  a  factor  in  this  pitch  axis  investigation. 


The  pitch  axis  flight  control  system  was  implemented  in  analog  form. 
It  provided  the  various  flight  control  options  required  for  the  flight  program: 


Variable 


Parameters 

Description 

KC 

Command  gain 

Tl 

Transport  Time  Delay 

Two 

Washout 

TZ,  TF 

Prefilter 

Kl 

Loop  Gain 

Kg 

Pitch  Rate 

Feedback  Gain 

Kl 

Integrator  Gain 

a  Feedback  Gain 

J/ 

Aa 

a  limiter 

°<BIAS 

a  bias 

2  ** 

V 

Turn  coordination 

Utilization 

To  adjust  pitch  sensitivity. 

Provide  proper  overall  time  delay  for 
the  various  configurations. 

Provide  monotonic  stick  forces  in  the 
landing  flare. 

Provide  manipulation  of  roots  to  restore 
1As2  or  match  various  shuttle  configu¬ 
rations. 

Provide  desired  pole  configurations. 

Provide  desired  pole  configurations,  few 
cases . 

Provide  desired  control  system  zero 
configurations. 

Provide  "normal"  aircraft  configuration. 
Not  used. 

Not  used. 

Provide  elevator  for  turns. 
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2.2.4. 1  Development  of  Flight  Control  Parameters 

The  development  of  the  flight  control  parameters  for  the  27  con¬ 
figurations  tested  was  the  result  of  a  process  of  iteration  using  two  Calspan 
Stability  and  Control  computer  programs? 

1.  A  Calspan  three-degree-of-freedom  program  was  supplied  with  aircraft  model 

parameters.  This  program  then  provided  model  roots  and  model  transfer 

functions  for  the  seven  models  used  in  the  investigation. 

2.  The  roots  of  step  1  were  combined  with  various  flight  control  parameters  in 
the  Calspan  ”n"  degree-of-freedom  program  that  produced  configuration 
transfer  functions  (Appendix  C),  root  locus  plots  (Appendix  I),  Bode  plots 
(Appendix  B),  and  time  histories  (Appendix  A). 

Root  locus  plots  were  obtained  with  iterations  of  C[_  ,  Kj,  K|_,  Cm  , 

Kq,  and  Ka.  From  those  plots,  sets  of  parameters  were  chosen  to  provide  the 

desired  pole/zero  locations  for  the  various  configurations.  These  parameter 
sets  were  fed  to  the  Calspan  “n“  degree-of-freedom  program  along  with  the 

proper  aerodynamic  model  parameters  to  provide  transfer  functions,  Bode  plots, 
and  time  histories  for  the  27  tested  configurations. 

These  combined  parameter  sets  were  used  to  develop  the  configuration 
table  of  Appendix  D.  This  configuration  table  was  the  reference  for  config¬ 
uration  set  up  in  the  TIFS  aircraft. 
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Section  3 

EXPERIMENT  MECHANIZATION  AND  PROCEDURES 


3.1  EQUIPMENT 

The  USAF  Total  In-Flight  Simulator  (TIFS)  was  used  as  the  test  vehicle 
in  this  experiment.  TIFS  is  a  highly  modified  C-131  (Convair  5803  configured 
as  a  six-degree-of- freedom  simulator  (Figure  4).  It  has  a  separate  evaluation 
cockpit  forward  and  below  the  normal  C-131  cockpit.  When  flown  from  the  eva¬ 
luation  cockpit  in  the  simulation  or  fly-by-wire  mode,  the  pilot  control  com¬ 
mands  are  fed  as  inputs  to  the  model  computer  which  calculates  the  aircraft 
response  to  be  reproduced.  These  responses,  along  with  TIFS  motion  sensor 
signals,  are  used  to  generate  feedforward  and  response  error  signals,  which 
drive  the  six  controllers  on  the  TIFS  (Figure  5).  The  model- following  system 
gains  are  documented  in  Appendix  L.  The  result  is  a  high  fidelity  reproduction 
of  the  motion  and  visual  cues  at  the  pilot  position  of  the  model  aircraft. 
More  detailed  descriptions  of  the  TIFS  can  be  found  in  References  1,  2,  3  and 
4. 


This  experiment  made  use  of  the  following  major  features  inherent  in 
the  TIFS  aircraft: 

1.  Independent  control  of  all  six  forces  and  moments  by  use 
of  elevator,  aileron,  rudder,  throttle,  direct  lift 
flaps  and  side  force  surfaces. 

2.  Longitudinal  and  lateral/directional  model- following 

systems  to  provide  the  evaluation  pilot  with  motion  and 
visual  cues  representative  of  the  simulated  aircaft. 

3.  Separate  evaluation  cockpit  capable  of  accepting 

appropriate  pilot  controls,  displays,  and  co-pilot 

assistance.  (An  observer,  but  never  co-pilot,  was  pre¬ 
sent  there). 

4.  Evaluation  cockpit  instruments  included  standard  IFR 

instrument  displays  featuring  an  ADI  and  an  HSI  as  the 
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primary  instruments,  with  angle  of  attack  displayed  on 
an  indicator  on  the  right  hand  side  of  the  HSI  and 
sideslip  displayed  on  the  indicator  above  the  HSI.  The 
vertical  and  horizontal  bars  on  the  ADI  displayed  com¬ 
mand  information  for  tracking  localizer  and  glide  slope, 
respectively. 

5.  Digital  magnetic  tape  recording  system  to  record  control 
inputs  and  appropriate  aircraft  responses. 

6.  Two  cassette  tape  voice  recorders  for  recording  evalu¬ 
ation  pilot  comments,  and  TIFS  crew  comments. 

7.  The  capability  to  simulate  artificial  or  cancel  actual 
crosswinds  up  to  15  kts  incorporated  in  the  model¬ 
following  system. 

8.  Turbulence  simulated  by  playing  pre-recorded  random 
signals  into  the  model  through  filters  mechanized  to 
produce  the  proper  power  spectrum  of  turbulence  (natural 
turbulence  was  measured  and  added  to  these  signals  to 
improve  the  model-following  when  rough  air  was 
experienced) . 

9.  A  signal  light  located  above  the  ADI  and  audio  signal  to 
indicate  simulated  touchdown  of  main  landing  gear. 
(Used  only  during  calibration  flights  for  work  up  to 
full  touchdowns). 

10.  Adjustable  transport  time  delay  circuits,  available  to 
simulate  time  delay  in  the  pilot’s  commands  the  elevator 
and  aileron  controls. 

11.  Digital  computing  equipment  recently  installed  in  the 
TIFS  airplane,  to  calculate  model  aerodynamics  and  eval¬ 
uate  kinematic  equations. 

3-2 


ANALOG  ELECTRONICS 
AND  DIGITAL  FLIGHT 
RECORDER 


HYDRAULIC  CONSOLE 


DIGITAL^ 

COMPUTER 

SYSTEM 


C-131  COCKPIT 


STATION  6.5 


DIRECT  LIFT  FLAP  (DLF) 


DLF/SFS 
CONTROL  BOX 


SENSOR  BOX 


SIDE  FORCE  SURFACES  (SFS) 


ACCESS 

TUNNEL 


SIMULATION  COCKPIT 


ADAPTER  SECTION 


C-131  AC  POWER  CONSOLE 


Figure  4  US AF  TOTAL  IN-FLIGHT  SIMULATOR  (TIFS) 
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PILOT 

COMMANDS 


TURBULENCE 

CROSSWIND 


Figure  5  TIFS  MODEL  FOLLOWING  SIMULATION 
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SIMULATION  GEOMETRY 


The  TIFS  motion  was  configured  to  reproduce  model  motion  at  the  eva¬ 
luation  pilot’s  eye  point  as  if  the  TIFS  were  positioned  as  shown  in  Figure  3. 
As  this  was  a  generic  rather  than  specific  simulation  it  was  chosen  to 
superimpose  TIFS  c.g.  and  Generic  Transport  c.g.  Additionally,  the  cockpits 
of  the  two  aircraft  were  superimposed.  Consequently,  no  transformations  were 
required  from  TIFS  c.g.  to  model  c.g. 

Approaches  were  made  to  touchdown  and  TIFS  wheels  and  Generic 
Transport  wheels  were  superimposed.  This  simplified  geometry  negated  the 
requirement  for  eye  position  and  wheel  height  transformations. 

3.3  EVALUATION  COCKPIT  CONFIGURATION 

The  evaluation  cockpit  was  configured  as  illustrated  in  Figure  6. 
The  controls  were  standard  wheel  and  rudders.  Thrust  was  controlled  by  four 
throttle  levers  tied  together  and  total  thrust  was  indicated  on  a  single  gage. 
Asymmetric  thrust  control  was  not  provided. 

The  evaluation  pilot’s  instrument  panel  is  shown  in  Figure  7.  It  was 
a  standard  configuration  with  flight  director  or  raw  data  information 
available  on  the  VSI. 

TIFS  evaluation  cockpit  is  a  dual  pilot  side  by  side  arrangement. 
For  this  investigation  the  right  seat  was  occupied  by  a  NASA  flight  test 
engineer.  The  engineer  observed  all  approaches  and  landings,  assisted  in  con¬ 
duct  of  the  flight  test  card,  recorded  touchdown  dispersion,  and  recorded  sum¬ 
maries  of  evaluation  pilot  comments  and  handling  qualities  ratings  (HQR)  to 
provide  timely  post  flight  analysis.  (This  flight  data  became  Appendix  E). 

3.4  EVALUATION  TASK  AND  PROCEDURES 

The  subject  aircraft  in  these  evaluations  was  a  193,000  lb.  gross 
weight,  Generic  Transport  in  the  final  approach,  flare,  and  touchdown  phases. 

The  evaluation  pilot  was  given  control  of  the  aircraft  on  the  down 
wind  leg  and  performed  a  visual  turning  approach  to  a  1.5  to  2  mile  final 
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approach.  The  ILS  glide  slope  was  intercepted  in  the  turn  and  was  held  to  a 
point  3500  ft.  from  the  runway/glide  slope  intercept  point.  A  constant  speed 
of  132  KIAS  was  held  throughout  the  approach  until  landing  flare. 

Figure  8  details  the  final  approach  and  flare  geometry.  A  final 
approach  "barrier"  was  defined  as  projecting  up  from  the  ground  at  a  point 
3500  ft.  short  of  the  runway  and  glide  slope  intercept  point  and  up  to  the  ILS 
glide  path.  The  evaluation  pilot  was  not  allowed  to  descend  below  the  ILS 
glide  slope  until  passing  the  “barrier"  [the  position  3500  ft.  short  of  the 
runway /glide  slope  intercept  was  well  marked  by  a  railroad  track).  Peer 
pressure  from  the  safety  pilots  and  the  flight  test  engineer  was  found  to  be 
quite  sufficient  to  prevent  barrier  duck  under. 

In  addition  to  the  altitude  constraint  of  the  barrier,  lateral  off 
sets  of  300  ft.  (either  left  or  right,  and  obtained  visually  by  lining  up  on 
runway  markers)  were  used  to  provide  secondary  tasking  thus  preventing  pre¬ 
occupation  with  the  pitch  task.  In  order  to  further  assure  pitch  task  acti¬ 
vity  a  (1  -  cos  wt)  angle  of  attack  gust  was  fed  to  the  model  in  the  zone 
depicted  in  Figure  8.  The  magnitude  of  this  disturbance  was  varied  as  a  func¬ 
tion  of  C|_a  to  cause  a  "standard"  flight  path  disturbance. 

The  "desired"  touchdown  area  was  defined  as  being  500  ft.  long  and  20 
ft.  wide  (+10  ft.  of  centerline)  starting  250  ft.  past  the  runway/glide  slope 
intercept.  The  “Adequate"  touchdown  area  was  defined  as  1000  ft.  long,  40  ft. 
wide  and  starting  at  the  same  point  on  the  runway.  Airspeed  requirements 
were:  "Desired"  132  ±3  KIAS,  "Adequate"  132  +5  KIAS,  both  at  barrier  passage. 
"Desired"  sink  rate  at  touchdown  was  defined  as  0  to  3  fps  and  “Adequate"  as  3 
to  6  fps  (these  values  could  be  obtained  from  the  data  records,  however, 
experience  has  shown  that  0-3  fps  touchdowns  result  in  "smooth"  landings,  3-6 
fps  touchdowns  result  in  "solid"  landings,  and  touchdowns  in  excess  of  6  fps 
can  be  recognized  by  any  crew  mentoer  with  a  95%  confidence  level). 

Touchdown  parameters  were  obtained  by  runway  marks  (for  x  distance), 
known  tread  distance  of  TIFS  (for  y  distance),  and  as  described  above  for  sink 
rate.  These  parameters  were  taken  by  both  safety  pilots  and  the  flight  test 
engineer  in  the  right  evaluation  seat.  These  combined  with  the  evaluation 
pilots  comments  and  ratings  provided  the  evaluation  data. 
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Figure-8  APPROACH  AND  LANDING  TASK 
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The  design  goal  of  the  above  task  was  to  achieve  sufficient  pilot 
gain  in  the  pitch  axis  to  provide  an  adequate  spread  in  the  Handling  Qualities 
Ratings  (HQR’s)  but  not  to  be  so  difficult  or  easy  so  as  to  bias  the  HQR’s  one 
way  or  another.  The  bell  curve  of  Figure  9  (HQR  distribution)  indicates  that 
the  task  design  goal  was  met. 

3.5  EVALUATION  SEQUENCE 

The  evaluation  pilot  was  given  control  of  the  aircraft  on  the  down¬ 
wind  leg.  At  this  time  electronic  test  inputs  were  made  in  order  to  verify 
the  configuration.  The  evaluation  pilot  would  then  conduct  a  visual  turning 
approach  to  intercept  the  glide  slope  approximately  two  miles  from  touchdown. 
He  would  visually  line  up  for  the  offset  and  continue  down  the  glide  slope. 
At  the  "barrier**  position  (3500  ft  from  touchdown)  the  correction  for  the  off¬ 
set  would  commence  and  thrust  and  pitch  would  be  adjusted  for  landing.  At 
approximately  2000  ft.  from  touchdown  a  descrete  (1  -  cos  wt)  angle  of  attack 
gust  would  be  fed  to  the  aircraft  model  to  cause  a  standard  flight  path 
disturbance.  The  evaluation  pilot  would  fly  through  the  gust  to  flare  and 
touchdown.  At  touchdown  the  safety  pilots  would  take  control  of  the  aircraft 
(or  at  any  time  prior  to  touchdown  if  dictated  by  the  situation) .  At  this 
point  the  flight  test  engineer  would  record  touchdown  dispersion  and  the  eva¬ 
luation  pilot  would  -  begin  his  comments  and  give  the  HQR.  This  data  was 
manually  recorded  by  the  flight  test  engineer  as  well  as  on  voice  tape 
(transcripts  of  voice  tape  comments  are  in  Appendix  F).  The  safety  pilots 
would  execute  the  climbout  while  the  TIFS  technical  crew  would  set  up  the  next 
configuration  (if  required)  to  repeat  the  process. 

A  normal  evaluation  consisted  of  two  approaches,  however,  the  evalu¬ 
ation  pilot  had  the  option  of  repeats  if  desired. 


Figure  9  PITCH  RATE  INVESTIGATION  HQR  DISTRIBUTION 
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PILOTS  AND  EVALUATION  SUMMARY 


Three  evaluation  pilots  participated  in  this  flying  qualities 
investigation.  A  Calspan  pilot  (also  the  project  engineer)  conducted  the 
calibration  flights  which  determined  the  accuracy  of  the  simulations,  the 
efficacy  of  the  task,  and  the  adequacy  of  the  lateral/directional  axis  and 
thrust  response  for  the  flight  program.  Two  NASA  pilots  (NASA  Dryden  and 
Langley)  conducted  the  evaluations.  Sixty  one  evaluations,  and  one  hundred 
thirty  four  approaches  were  flown  for  twenty  seven  configurations.  The  NASA 
Dryden  pilot  conducted  thirty  four  evaluations  on  twenty  seven  configurations 
and  the  NASA  Langley  pilot  conducted  twenty  seven  evaluations  on  twenty  three 
configurations.  The  flight  program  is  summarized  below. 


PITCH  RATE  CRITERIA  FLIGHT  SUMMARY 

(1  September  1983  thru  23  September  1983) 


Calibration  Flights 

Dryden 

Langley 

Calspan 

4 

Total 

4 

Evaluation  Flights 

9 

9 

- 

18 

Evaluations 

34 

27 

- 

61 

Approaches 

70 

64 

- 

134 

Flight  Hours 

10.1 

8.5 

8.2 

26.8 

3.7  PILOT  COMMENT  CARD  AND  RATING  SCALE 

The  evaluation  pilots  were  briefed  on  the  general  experiment  purpose 
and  flight  task  details.  They  had  knowledge  of  what  the  27  configurations 
were  but  no  knowledge  of  which  of  those  configurations  would  be  given  on  each 
flight. 


Pilot  technique  is  necessarily  different  for  integrated  pitch  rate 
flight  control  systems  than  for  "conventional**  systems  that  require  increasing 
average  pull  forces  in  the  landing  flare  (i.e.  monitonic).  Consideration  was 
given  to  informing  the  evaluation  pilots,  before  hand,  which  type  of  control 
system  they  had.  It  was  decided  to  proceed  with  a  "blind"  experiment  in  the 
initial  stages.  As  a  result  of  the  first  set  of  data  the  decision  was  made  to 
continue  with  the  blind  experiment.  The  pilots  adapted  to  technique  changes 
rapidly  and  in  some  cases  were  unaware  of  using  different  techniques. 
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An  evaluation  normally  consisted  of  two  approaches  and  landings.  The 
pilot  could  make  comments  at  any  time,  however,  formal  use  of  the  comment  card 
(Figure  10),  Cooper-Harper  scale  (Figure  11),  and  the  PIO  scale  (Figure  12) 
was  made  after  the  second  landing  for  the  configuration.  The  pilot  had  the 
option  of  a  third  landing  on  a  configuration  and  in  that  case  the  comments  and 
gradings  were  made  after  the  third  landing. 

The  pilot  comments  and  ratings  were  considered  the  primary  data  of 
the  investigation,  and  were  recorded  on  voice  tape  (Appendix  F  are  the 
transcripts  of  these  comments).  In  addition,  the  flight  test  engineer  (in  the 
right  evaluation  seat)  manually  recorded  comment  summaries,  touchdown  disper¬ 
sion,  and  pilot  ratings  (Appendix  E).  At  the  end  of  each  flight  the  flight 
test  engineer  would  use  this  data  to  determine  configurations  for  the  next 
flight. 


3.8  DATA  RECORDINGS 

In  addition  to  voice  tapes  a  58  channel  digital  recorder  was  used  to 
record  signals  of  interest.  These  included: 

1.  Pilot  inputs 

2.  Control  surface  motions 

3.  Aircraft  states  (model  and  TIFS) 

4.  Radar  altitude 

5.  Sink  rate 

6.  Turbulence  inputs 


A  specific  list  of  recorded  variables  is  presented  in  Appendix  J. 


PILOT  COMMENT  CARD 


1 .  Feel 

-  Column,  wheel  forces  and  displacements,  harmony 

-  Roll  and  pitch  sensitivity 

2.  Response  to  inputs  required  to  perform  task 

-  Roll  and  pitch 

-  initial  response 

-  predictability  of  final  response 

-  pitch/roll  harmony 

-  special  pilot  inputs  -  why? 

-  tendency  to  PIO 

-  sensitivity  (gearing) 

3.  Airspeed  control  (autothrottle  OFF) 

4.  Approach  performance 

-  ILS:  glideslope,  localizer  capture  and  tracking 

-  Visual:  flight  path  corrections 

5.  Flare  and  touchdown 

-  Problems  with  line-up  flare,  touchdown, 

tendency  to  float 

-  Any  unusual  motions,  visual  cues,  etc. 

-  Any  unusual  control  techniques  required 

6.  Approach  vs.  landing 

-  Which  more  difficult 

7.  Effects  of  turbulence/wind 

8.  Summary  (brief) 

-  Good  features 

-  Problems 

9.  Overall  Cooper-Harper  Rating  -  pio  Rating 

Figure  10  PILOT  COMMENT  CARD 
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HANDLING  QUALITIES  RATING  SCALE 


AIRCRAFT 

CHARACTERISTICS 

DEMANDS  ON  THE  PILOT 

IN  SELECTED  TASK  OR  REQUIRED  OPERATION* 

Excellent 

Pilot  compensation  not  a  factor  for 

Highly  desirable 

desired  performance 

Good 

Pilot  compensation  not  a  factor  for 

Negligible  deficiencies 

desired  performance 

Fair  —  Some  mildly 

Minimal  pilot  compensation  required  for 

unpleasant  deficiencies 

desired  performance 

ADEQUACY  FOR  SELECTED  TASK  OR 
REQUIRED  OPERATION* 


Major  deficiencies 


Control  will  be  lost  during  some  portion  of 
required  operation 


Minor  but  annoying 
deficiencies 

Desired  performance  requires  moderate 
pilot  compensation 

Moderately  objectionable 
deficiencies 

Adequate  performance  requires 
considerable  pilot  compensation 

Very  objectionable  but 
tolerable  deficiencies 

Adequate  performance  requires  extensive 
pilot  compensation 

-  -  --■■■■  ■ ' '  - 

Major  deficiencies 

Adequate  performance  not  attainable  with 
maximum  tolerable  pilot  compensation. 
Controllability  not  in  question 

Major  deficiencies 

Considerable  pilot  compensation  is  required 
for  control 

Major  deficiencies 

Intense  pilot  compensation  is  required  to 
retain  control 

Cooper-Harper  Ref.  NASA  TND-51 53 


#  Definition  of  required  operation  involves  designation  of  flight  phase  and/or 
subphases  with  accompanying  conditions. 


Figure  11  COOPER-HARPER  HANDLING  QUALILTIES  RATING  SCALE 
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No 


2 


3 

4 


5 


6 


Figure  12  PIO  TENDENCY  CLASSIFICATION 
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Section  4 

EXPERIMENT  RESULTS  AND  ANALYSIS 


4.1  INTRODUCTION 

An  original  intent  of  the  experiment  was  to  learn  more  about  the  para¬ 
dox  of  flight  control  systems  using  integral/proportional  pitch  rate  feedback 
as  applied  to  the  flared  landing  task.  Although  these  control  systems  are 
designed  to  existing  specifications  (normally  the  Level  1  requirements  of  the 
classical  criteria  i.e.,  MIL-F-8785,  equivalent  systems,  Neal-Smith  etc.)  their 
performance  in  the  flared  landing  is  generally  not  Level  1  and  can  be  as  bad  as 
Level  3.  A  primary  goal  of  this  "learning  process"  was  to  investigate  the 
significance  of  pitch  rate  overshoot  for  these  systems. 

A  co-author,  Mr.  C.  Chalk  (Chalk,  Calspan  TIFS  Memo  -  1002)  proposed  a 
method  of  providing  increased  bandwidth  (i.e.,  quickness,  pitch  rate  overshoot, 
etc.)  using  a  leadAag  filter  in  the  command  path  which  would  place  a  pole  at 
the  position  of  the  control  system  zero,  and  place  a  zero  at  the  position  of 
the  \2  augmented  pole.  This  would  restore  the  effect  of  the  1/t02  zero  and 
thus  restore  the  quickness  of  the  a  response  hopefully  resulting  in  a  more 
"conventional"  aircraft  response. 

At  the  time  this  experiment  was  about  to  get  underway  it  was  becoming 
apparent  to  the  author  that  what  pilots  like  most  about  these  integral/  propor¬ 
tional  pitch  rate  systems  is  the  excellent  up  and  away  theta  control,  i.e., 
pitch  pointing  characteristics,  and  this  excellent  pitch  pointing  is  reflected 
in  classical  criteria  analysis.  What  pilots  like  least  about  these  systems  is 
the  necessity  to  push,  or  reverse  stick  forces  in  the  landing  flare 
(conventional  aircraft,  with  phugoids,  require  monotonic  stick  forces,  i.e., 
modulation  of  back  pressure,  as  opposed  to  combination  of  back  and  forward 
pressure  on  the  control,  in  the  landing  flare).  When  presented  with  this  opin¬ 
ion  the  co-author  (Mr.  Chalk)  proposed  a  washout  filter  in  the  command  path. 
Pilots  are  generally  skeptical  of  washouts  in  their  controls,  however,  engi¬ 
neering  pilots  are  broadminded  enough  to  try  them  in  a  controlled  experiment 
thus  the  washout  filter  became  a  part  of  the  test  matrix. 

The  test  matrix  (described  in  Section  2)  consisted  of  "conventional" 
pitch  rate  control  systems  of  various  pitch  rate  short  period  frequencies  (all 
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within  the  Level  1  boundaries  of  MIL  8785C)  at  various  magnitudes  of  l/x02»  and 
modified  by  application  of  the  lead/lag  and  washout  pre-filters.  Some  of  these 
configurations  were  “shuttle  like*’  and  two  neutral  static  stability  cases  were 
included  in  order  to  observe  effects  due  to  the  integrator  alone,  if  any.  Also 
included  was  a  conventional  Level  1  aircraft.  The  results  of  the  experiment  as 
well  as  an  analysis  of  the  data  will  be  presented  in  the  following  paragraphs. 
Some  of  the  results  were  rather  dramatic  and  somewhat  unexpected,  particularly 
as  regards  effects  of  the  washout  pre-filter.  The  preliminary  analysis  was 
difficult  in  that  correlation  between  the  ratings  and  configurations  was  not 
apparent.  Considerable  time  was  spent  in  study  of  the  time  histories  in  an 
attempt  to  identify  parameters  that  would  correlate  the  data.  As  the  analysis 
progressed  and  correlations  began  to  emerge  it  became  apparent  that  a  product 
of  the  analysis  could  be  a  time  domain  criteria  for  predicting  flying  quali¬ 
ties.  A  detailed  description  of  this  criteria  and  some  test  applications  are 
presented  in  the  analysis  paragraphs  below. 

4.2  EXPERIMENT  RESULTS 

4.2.1  Verification  of  Data 

The  primary  data  of  this  experiment  was  pilot  ratings  and  comments. 
Pilot  ratings  are  shown  in  Table  1  of  Appendix  K  and  graphically  on  Figure  13. 
Pilot  comments  are  in  Appendix  F.  Pilot  rating  data  was  verified  to  be  con¬ 
sistent  with  task  performance  standards  by  comparing  the  flight  test  engineer’s 
flight  summary  (Appendix  E)  with  the  pilot  comment  transcripts. 

In  addition,  digital  records  from  all  data  flights  were  reviewed  to 
assure  that  the  correct  configuration  model  and  command  gains  were  used  for 
each  evaluation  and  to  confirm  adequate  model  following.  There  were  no  con¬ 
figuration  model  errors,  however,  three  evaluations  were  discarded: 

1.  Flight  733,  Configuration  3-2-4  was  discarded  due  to  poor  alpha 
model  following.  The  cause  is  believed  to  be  over  active 
throttle  commands  by  the  evaluation  pilot. 

2.  Flight  741,  Configuration  3-2-4  was  discarded  for  the  same  reason 
as  above. 


4-2 


HQR  (FLIGHT  RESULTS) 


PILOT  A  =  X 
PILOT  B  =  O 

AVERAGE =  ■ 
TIME  DOMAIN  PREDICTED  =  ▲ 


Figure  13  PILOT  RATINGS 
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3.  Flight  734,  Configuration  8-2-5  was  discarded  due  to  an  incorrect 
command  gain  setting. 

Two  additional  evaluations  are  suspect: 

1.  Configuration  4-3-7,  this  was  a  single  evaluation  by  one  pilot. 
This  data  plots  “out  in  left  field*'  with  any  criteria  and  corre¬ 
lation  attempted.  It  is  shown  on  all  the  data  plots  but  is  felt 
to  be  an  anomalous  data  point. 

2.  Configuration  8-2-5-1,  this  again  was  a  single  evaluation  by  one 
pilot.  The  safety  pilot  considered  this  evaluation  invalid  due 
to  pilot  technique.  It  is  shown  on  all  data  plots  but  is  felt  to 
be  an  invalid  data  point. 

Figure  14  is  a  pilot  rating  deviation  curve  and  shows  a  slight  bias 
towards  Pilot  A  for  better  ratings  (better  flying  qualities).  This  bias  was 
effectively  eliminated  by  using  average  pilot  rating  for  all  data  analysis. 
The  development  of  these  average  ratings  is  shown  in  Table  1  of  Appendix  K. 

4.2.2  Review  of  Data  Results 

A  preliminary  review  of  the  data  was  conducted  to  identify  trends. 
4.2.2. 1  Effects  of  Changes  in  Short  Period  Frequency  (a)n) 

Figure  15  shows  the  effect  of  changing  frequency  (o)n)  from  2.8 
rad/sec  to  1.8  rad/sec.  There  appears  to  be  no  effect  at  1/t02  values  of  0.38 
and  an  improvement  in  rating  when  going  to  the  lower  frequency  at  lA^  values 
of  0.72.  However,  this  data  base  is  small  and  no  substantial  trends  can  be 
justified.  As  all  of  these  configurations  are  within  the  Mil  Spec  8785  Level 
1  boundary  for  a)n  and  I/t^  one  would  not  expect  a  substantive  trend.  In  fact 
the  improvement  from  configuration  1-2-2  to  configuration  2-2-2  would  not  be 
expected. 
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Figure  14  PILOT  RATING  DEVIATION 
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wn-2-8  o>n=i-8  wn=2.8  a)n  =  1-8 

£  =  0.8  £  =  0.6  £  =  0.8  £  =  0.6 


1/Tq2  =0.38 


1/Tq2  =  0.72 


Figure  15  EFFECT  OF  VARYING  (On  WITH  “CONVENTIONAL"  INTEGRAL  -  PROPORTIONAL 
PITCH  RATE  FEED  BACK  AT  TWO  VALUES  OF  1/x q  2 


4. 2. 2. 2  Effects  of  Changing  1/tq2 

Figure  16  shows  the  effect  of  increasing  1/t02  on  the  basic  pitch 
rate  flight  configurations.  The  improvements  shown  by  configurations  2-1-1/ 
2-2-2  and  3-1-3/3-2-4  would  be  expected  when  increasing  from  a  rather  low 
1/tq2  value  of  0.38  to  a  more  nominal  0.72.  On  the  other  hand,  the  reverse 
trend  of  configurations  1-1-1/1-2-2  is  not  what  one  would  expect  and  a  review 
of  Figure  15  makes  the  rating  of  configuration  1-2-2  appear  suspect.  A  review 
of  the  flight  data  showed  correct  model  parameters  and  good  model  following 
for  this  configuration.  Additionally,  this  configuration  was  evaluated  three 
times  by  two  pilots  on  three  different  flights  and  there  is  no  justification 
for  considering  this  data  point  invalid.  Configuration  1-2-2  is,  however,  the 
only  case  in  the  experiment  where  going  from  1/t02  =  0.38  to  I/t^  =0.72  did 
not  improve  the  rating  by  one  to  two  numbers. 

Changing  1/t02  for  configurations  with  the  lead/lag  filter  incor¬ 
porated  and  the  neutral  stability  cases  are  shown  on  Figure  17.  The  improve¬ 
ment  from  1/t02  .=  0.38  to  1/t02  =  0.72  is  well  documented  by  this  data. 
However,  configuration  4-3-7  shows  a  reverse  trend  for  a  value  of  1/t02  =  1*0. 
As  previously  stated  it  is  felt  that  the  evaluation  of  configuration  4-3-7  is 
felt  to  be  an  anomalous  data  point  and  may  not  justify  a  conclusion  that  a 
value  of  1/t02  =1.0  would  be  bad  for  these  control  systems. 

4. 2. 2. 3  Effect  of  the  LeadAag  Pre-Filter 

The  lead/lag  pre-filter  was  guite  effective  in  improving  pilot 
ratings  as  can  be  seen  in  Figure  18  and  19.  In  all  cases  the  lead/lag  filter 
improved  ratings  and  in  four  of  six  cases  the  lead/lag  filter  brought  Level  2 
and  Level  3  configurations  up  to  Level  1,  and  in  the  other  two  cases  up  to 
borderline  Level  1. 

This  significant  result  makes  a  strong  argument  for  the  opinion  that 
pitch  rate  overshoot  (as  in  conventional  aircraft)  is  not  detrimental  and  may 
be  required  to  achieve  the  desired  a  (and  subsequent  y)  response  required  for 
the  landing  task. 
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1/TQ2  =0.4  1/Tq2  =0.72  1/Tq2  =1.0 

Figure  16  EFFECT  OF  VARYING  1/x  ©  2  WITH  "CONVENTIONAL"  INTEGRAL- 

PROPORTIONAL  PITCH  RATE  FEED  BACK  (NO  LEAD/LAG  OR  WASHOUT) 
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HQR  (AVERAGE) 


WVi 


O  “  3-1*3 

0  =  3-2-4 

CONFIG. 

A  =  4-1-1 

V  -  5-1-1 

A  =  4-2-2 

V  =  5-2-2 

A  =  4-3-7 

1Aq2=0.4 

1/T92  =  °.72 

iAq2  =  1-0 

Figure  17 

EFFECT  OF  VARYING  lAe2WITH  LEAD/LAG  PRE-FILTER  (INCLUDES 
NEUTRAL  STATIC  CASE) 

O  -  1*2*2  o  =  2-2-2  o  =  6-1-1 


CONFIG  A  =  4-2-2  A  =  5-2-2  A  =  6-2-1 


IDn 

2.8 

1.8 

2.3 

0.8 

0.6 

0.5 

1Aq2 

0.72 

0.72 

0.38 

Figure  18  EFFECT  OF  LEAD/LAG  PRE-FILTER  AT  THREE  VALUES  OF  COn  AND  1/T©  2 
(INCLUDING  SUPER  AUGMENTED  CASES) 
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CONFIG. 

O  =  i-i-i 

A  =4-1-1 

O  =2-1-1 

A  =5-1-1 

O  =  6-1-1 

0  =  6-1 -1-1 

A  =  6-2-1 

V  =  6-2-1  -1 

wn 

2.8 

1.8 

2.3 

£ 

0.8 

0.6 

0.5 

1Ae2 

0.38 

0.38 

0.38 

SUPER  AUGMENTED 

Figure  19  EFFECTS  OF  LEAD/LAG  AND  WASHOUT  PREFILTERS  AT  1/T  ©2 -0.4  (NON 
SHUTTLE  LIKE  CONFIGURATIONS) 
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4. 2. 2. 4  Effects  of  the  Washout  Pre-Filter 


The  results  of  the  washout  filter  are  shown  in  Figure  20.  The 
washout  filter  was  applied  to  seven  configurations.  In  four  of  these  cases 
the  ratings  were  raised  from  Level  2  and  3  to  Level  1.  In  two  cases  the 
improvement  was  to  borderline  Level  1,  and  in  one  case  there  was  no  improve¬ 
ment  in  level.  The  latter  case  was  configuration  8-2-5-1  which  was  considered 
by  the  safety  pilot  to  be  a  questionable  data  point. 

In  the  case  of  the  shuttle  OFT  configuration  (8-3-5)  the  washout  was 
applied  on  two  occasions,  and  during  the  last  flight  the  OFT  with  and  without 
washout  was  flown  on  back  to  back  evaluations.  In  all  cases  the  improvement 
was  from  Level  3  to  Level  1. 

Had  the  dramatic  improvement  resulting  from  the  washout  filter  been 
foreseen  more  of  the  flight  test  would  have  been  applied  to  it.  As  it  was, 
the  filter  was  not  applied  until  the  latter  stages  of  the  flight  program  and 
consequently  the  exposure  was  less  than  desired. 

4. 2. 2. 5  Effect  of  Neutral  Static  Stability 

Previous  informal  test  flights  in  the  Calspan  Learjet  indicated  that 
there  might  be  a  flying  qualities  difference  between  a  rate-command,  flight 
control  system  attained  by  neutral  static  stability  and  one  attained  by 
integral/proportional  pitch  rate  feedback.  It  was  also  felt  that  since  the 
neutral  static  stability  case  had  no  pitch  rate  overshoot  at  all,  it  would  be 
of  interest  to  evaluate. 


Configurations  2-1-1  and  2-2-2  were  observed  to  have  similar  pitch 
rate  step  responses  as  the  neutral  static  configurations  3-1-3  and  3-2-4 
(Appendix  A,  time  histories)  and  were  chosen  for  comparison.  Figure  21  shows 
no  change  in  ratings  between  the  two  sets.  It  appears  that  how  rate  command 
is  achieved  is  transparent  to  the  pilot.  It  also  appears  that  other  things 
being  equal  (i.e.,  time  delay,  time  to  steady  state,  sensitivity,  etc.)  there 
may  be  no  flying  qualities  differences  between  no  pitch  rate  overshoot  and 
small  amounts  (~  25%)  of  overshoot  in  pitch  rate. 
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Figure  20  EFFECT  OF  WASHOUT  PRE-FI LTER 


CONFIG.  ©=2-1-1  A  =2-2-2  ©=3-1-3  A  =  3-2-4 


<*V=1.8  Wn=1.8  T  =0.4  T  =0.4 

£  -  0.6  £  =  0.6 

1/t0  2=0-38  1/x  0 2  ~  0.72  1/T02  =  O.38  1/T&  2  =  0-72 


Figure  21  EFFECTS  OF  NEUTRAL  STATIC  STABILITY  WITH  CHANGES  IN  1/t0 


4. 2. 2. 6  Summary  of  Results 

•  The  range  of  short  period  frequency  in  this  flight  experiment 
was  limited  and  consequently  no  significant  frequency  effects 
were  observed. 

•  Performance  generally  improved  when  increasing  l/x^  from  0.38 
to  0.72.  Trends  of  higher  values  of  I/t^  were  inconclusive  due 
to  limited  data. 

•  Designing  a  pitch  rate  control  system  to  exhibit  short  term 
responses  as  observed  in  conventional  Level  1  aircraft,  will 
improve  the  landing  performance  of  integral-proportional  pitch 
rate  flight  control  systems. 

•  A  lead/lag  pre-filter,  that  cancels  the  control  system  zero  and 
restores  the  1/t92  zero  of  such  systems,  will  provide  the 
necessary  short  term  response  characteristics  and  result  in 
improvement  in  performance  and  pilot  rating. 

•  Integral-proportional  pitch  rate  flight  control  systems  (rate 
command  attitude  hold)  suffer  performance  degradation  in  the 
landing  flare.  This  is,  in  part,  because  the  responses  to  stick 
commands  are  q,  a  and  y  at  low  frequency  rather  than  e,  a  and  y. 

•  When  a  washout  pre-filter  is  added  to  the  integral-proportional 
pitch  rate  systems,  the  low  frequency  responses  to  stick  com¬ 
mands  are  e,  a  and  y.  This  characteristic  permits  the  pilot  to 
use  proportional  control  rather  than  impulse  control  and  provi¬ 
des  control  feel  throughout  the  flare  maneuver. 

•  There  was  no  significant  difference  between  neutral  static  sta¬ 
bility  configurations  and  integral-proportional  pitch  rate 
control  systems  of  similar  properties. 
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4.2.3  Analysis  of  Data 


An  expected  result  of  this  flight  experiment  was  that  the  lead/lag 
pre-filter  would  improve  pilot  ratings  for  the  final  approach  and  landing,  and 
the  results  showed  the  order  of  improvement  expected.  However,  the  dramatic 
improvement  in  pilot  ratings  due  to  the  washout  pre-filter  was  not  expected. 

The  analysis  was  complicated  by  these  unexpected  results  in  that  a 
reason  for  the  level  of  improvement  attained  should  be  determined,  both  in  an 
analytical  sense  and  a  physical  sense.  A  preliminary  study  of  the  time 
histories,  Bode  plots,  root  locus  plots,  transfer  functions,  etc.,  did  not 
disclose  readily  apparent  answers.  It  was  decided  to  proceed  with  the  analy¬ 
sis  in  two  basic  thrusts.  The  first  was  an  analysis  utilizing  the  "classical" 
frequency  domain  criteria  i.e.,  Equivalent  Systems,  Neal-Smith,  and  Bandwidth. 
A  co-author,  Mr.  Sarrafian  of  NASA  Oryden,  proceeded  with  this  phase  of  the 
anlaysis  utilizing  the  computer  facilities  at  Dryden.  The  author  tried  a  dif¬ 
ferent  approach  by  working  in  the  time  domain  i.e.,  time  history  analysis. 
The  remaining  co-author  Mr.  Chalk,  also  of  Calspan,  acted  as  mentor  to  both 
thrusts. 


As  all  configurations  tested  were  verified  by  a  thorough  review  of 
flight  data  recordings  (and  inaccurate  data  points  were  appropriately 
discarded),  both  analyses  were  conducted  on  analytical  data  using  computer 
generated  transfer  functions,  time  histories,  Bode  plots,  etc.,  much  as  a 
designer  would  do. 

4. 2. 3.1  Frequency  Domain  Analysis 

The  configurations  (in  their  analytical  form)  were  evaluated  using 
lower-order  equivalent  systems  analysis  (Reference  5),  bandwidth  criterion 
(References  6  and  7),  and  Neal-Smith  analysis  (Reference  8).  An  attempt  was 
also  made  to  correlate  the  bandwidth  frequencies  of  altitude  rate  at  the  pilot 
station  with  the  pilot  ratings,  similar  to  the  methods  used  in  Reference  10. 
It  should  be  emphasized  that  50  -  60  ms  of  additional  time  delay  (depending 
upon  the  configuration)  was  implemented  into  each  configuration  in  the  analy¬ 
sis  to  match  the  amount  of  time  delay  seen  by  the  pilots  on  TIFS.  The  pilot 
ratings  used  in  this  analysis  are  presented  in  Tables  1  and  5.  These  ratings 
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were  averaged  between  the  two  evaluation  pilots  who  participated  in  the 
program. 


•  Equivalent  Systems  Analysis 

The  longitudinal  lower-order  equivalent  systems  results  are  presented 
in  Table  6,  Appendix  K.  The  results  were  obtained  using  a  single  fit  to  the 
closed-loop  qAeS  frequency  response  with  a  fixed  value  of  La.  This  method 
assumes  a  theoretical  relationship  between  9  and  nz  (Reference  11).  The 
lower-order  transfer  function  is  of  the  form: 

jL  -  K8  C*  *  ±£2 

FES  "  S*  +  2Vsp  S  +  “Ip 

and  is  matched  through  the  frequency  range  of  0.3  to  10.0  rad/sec,  a  range 
typically  used  for  equivalent  systems  matching  (Reference  11).  Note  that  this 
range  does  not  include  the  washout  frequency  of  0.2  rad/sec.  The  results  were 
compared  to  the  MIL-F-8785C  criteria  for  Category  C,  Class  III  -  type 
aircraft. 


Most  configurations  achieved  a  good  fit  to  the  lower-order  system 
(cost  functions  less  than  20).  The  short  period  frequency  and  damping  are 
Level  1  for  most  configurations.  The  equivalent  time  delays  are  Level  2  for 
most  configurations,  although  some  display  Level  3  characteristics.  An 
overall  Level  rating  is  presented  to  indicate  the  most  conservative  estimate 
of  the  handling  qualities  for  each  configuration.  Despite  the  degradation  of 
all  the  configurations  due  to  equivalent  time  delay,  pilot  comments  did  not 
reflect  this  trend.  The  inability  of  the  equivalent  systems  analysis  to  cor¬ 
relate  to  the  pilot  rating  trends  leads  to  the  conclusion  that  this  type  of 
analysis  (i.e.,  e  match  and  only  La  fixed)  is  inadequate  for  this  data.  (See 
Table  2  and  Table  9,  Appendix  K). 
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Bandwidth  Criterion 


• 

The  bandwidth  criterion  (References  7  and  8)  was  applied  to  the 
closed-loop  pitch  attitude  transfer  function  (e/FEs)  for  each  configuration. 
The  bandwidth  is  defined  as  the  crossover  frequency  at  which  the  phase  margin 
is  45  degrees  or  the  gain  margin  is  6  dB,  whichever  frequency  is  lower.  The 
phase  delay  is  defined  as: 

t  =  -(<()  +  180°)/(57.3(o) 

where  w  is  defined  to  be  two  times  the  frequency  at  which  the  phase  =  -180° 
and  ij)  is  the  phase  at  w.  The  bandwidth  criterion  was  not  applied  with  a  droop 
correction  factor,  as  discussed  in  Reference  8.  Reference  8  points  out  that 
the  original  bandwidth  criterion  is  conceptually  similar  to  the  revised  ver¬ 
sion. 


The  bandwidth  criterion  results  are  presented  in  Table  7  Appendix  K 
using  Category  C  flight  phase  boundaries  (Figures  22,  23,  and  243.  Configura¬ 
tions  1-7  are  shown  to  have  Level  2  handling  qualities,  with  no  discrimination 
between  configurations  with  and  without  a  pre-filter  or  a  washout  filter  in 
the  command  path.  This  trend  is  not  consistent  with  the  pilot  ratings.  The 
shuttle  configurations  (configuration  83  are  also  Level  2  with  the  exception 
of  8-3-5  (OFT)  and  8-5-5  (Calspan  +  35  ms  time  delay),  which  were  Level  3. 
The  washout  filter  did  not  appear  to  significantly  improve  the  Level  rating 
according  to  the  bandwidth  criterion,  contrary  to  the  pilot  ratings.  Overall, 
the  bandwidth  criterion  did  not  appear  to  satisfactorily  explain  the  pilot 
ratings.  (See  Table  9  Appendix  K). 

•  Neal-Smith  Analysis 

The  Neal-Smith  closed-loop  handling  qualities  criterion  was  used  to 
analyze  the  compensation  required  by  the  pilot  to  close  the  loop  on  e/FEs  in 
the  landing  task  for  all  TIFS  configurations.  The  details  of  the  criterion 
are  presented  in  Reference  8.  The  revised  boundaries  for  maximum  closed-loop 
resonance  and  pilot  compensation  required  for  the  landing  task  were  applied  to 
the  data,  as  described  in  Reference  12.  In  cases  where  the  maximum  closed- 
loop  resonance  was  less  than  -2  dB,  a  droop  constraint  of  -2  dB  was  used  as 
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O  PILOT-RATED  LEVEL  1 
0  PILOT-RATED  LEVEL  2 
®  PILOT-RATED  LEVEL  3 


Figure  22  BANDWIDTH  CRITERION  RESULTS  CONFIGURATIONS  1,  2,  4,  5 
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O  PILOT-RATED  LEVEL  1 
®  PILOT-RATED  LEVEL  2 
®  PILOT-RATED  LEVEL  3 


CATEGORY  C  FLIGHT  PHASE 


Figure  23  BANDWIDTH  CRITERION  RESULTS  CONFIGURATIONS  3,  6,  7 
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O  PILOT-RATED  LEVEL  1 
0  PILOT-RATED  LEVEL  2 
®  PILOT-RATED  LEVEL  3 


8-3-5 


Figure  24  BANDWIDTH  CRITERION  RESULTS  CONFIGURATION  8 


opposed  to  the  standard  minimum  droop  of  -3  dB.  This  condition  was  met 
simultaneously  with  a  -90°  closed-loop  phase  constraint.  The  pilot  model  used 
in  this  analysis  was: 

yp9  =  Kpe  Ctlead  s  +  1V(tLAG  s  +  ^ 

where  the  pilot’s  neuromuscular  time  delay,  t,  is  250  ms.  This  value  is  based 
on  the  pilot  model  time  delay  used  in  Reference  10.  The  bandwidth  frequency 
range  covered  in  this  analysis  was  1.0  -  4.0  rad/sec.  Configurations  6-2-1 
and  6-2-1-1  experienced  convergence  problems  in  this  frequency  range  and  did 
not  achieve  satisfactory  solutions. 

The  results  of  the  maximum  closed-loop  resonance  achieved  and  pilot 
compensation  required  for  increasing  bandwidths  are  presented  in  Figures  25 
thru  43  for  all  configurations  (Figure  25  is  typical).  Pilot  rating  predic¬ 
tions  resulting  from  the  Neal-Smith  analysis  were  made  using  a  single  band¬ 
width  frequency.  This  bandwidth  frequency  was  selected  by  linearly 
interpolating  relative  to  the  Neal-Smith  boundaries  and  assigning  a  pilot 
rating  for  each  bandwidth  frequency.  A  bandwidth  frequency  was  then  selected 
which  provided  pilot  ratings  that  best  compared  to  the  average  pilot  ratings 
determined  in  flight.  A  bandwidth  frequency  of  2.0  provided  the  best  correla¬ 
tion  between  Neal-Smith  predicted  and  actual  pilot  ratings.  Figure  44 
illustrates  the  results  of  this  pilot  rating  comparison.  It  should  be  noted 
that  pilot  rating  data  generally  varies  at  least  +  or  -  1  Cooper  Harper 
rating.  The  trend  shown  in  Figure  44,  however,  does  not  appear  to  be  hinged 
upon  that  point.  The  Neal-Smith  pilot  ratings  predicted  most  configurations 
to  be  better  than  the  actual  ratings  recorded.  This  implies  that  despite  the 
good  pitch-pointing  qualities  of  these  configurations,  the  actual  pilot 
ratings  were  not  reflecting  this  feature.  It  appears  that  the  pilot’s  atten¬ 
tion  may  be  strongly  influenced  by  a  parameter  other  than  pitch  attitude  in 
the  landing  task. 
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NEAL-SMITH  PARAMETER  PLANE 

Figure  25  CONFIGURATION  1-1-1  (2  dB  DROOP) 


1 


NEAL-SMITH  PREDICTED  COOPER-HARPER  RATINGS 


Figure  44  COMPARISON  OF  ACTUAL  PILOT  RATINGS  AND  NEAL-SMITH  PREDICTED 
PILOT  RATINGS  !'  * 


•  Altitude-Rate  Bandwidth  Analysis 


In  an  attempt  to  distinguish  the  improvement  in  pilot  ratings  with 
the  addition  of  a  prefilter  and  command  washout  filter  to  some  of  the  configu¬ 
rations,  a  correlation  was  made  between  altitude  rate  at  the  pilot  station  and 
pilot  ratings.  Pilot  comments  had  indicated  that  altitude  rate  control  was  a 
significant  factor  in  the  evaluation  of  pilot  performance.  The  altitude-rate 
transfer  function  (hp/f'jrg)  used  in  this  analysis  was  the  following: 


V  . 

fes  ' 


g(N  numerator) 
- sTcXH - 


Lp(e  numerator) 
CC.E.J 


where  C.E.  is  the  characteristic  equation  of  the  configuration  and  Lp  is  the 
distance  from  the  c.g.  to  the  pilot  station,  /p  was  maintained  at  a  value  of 
34  ft  throughout  the  evaluation.  A  direct-loop  closure  was  made  on  the  alti¬ 
tude  rate  transfer  function  using  the  following  pilot  models: 

Yph  =  Kph  e 

the  pilot  time  delay  was  250  ms.  The  uncompensated  frequency  response  curve 
was  plotted  on  a  Nichols  chart  over  the  frequency  range  0.1  to  10.0  rad/sec. 
The  curve  was  then  shifted  to  be  tangent  to  the  3  dB  maximum  closed-loop  reso¬ 
nance  curve.  The  bandwidth  was  then  determined  as  the  frequency  which  pro¬ 
vided  -90°  of  closed-loop  phase.  This  procedure  is  similar  to  that  used  in 
Reference  10  for  altitude  closure  following  a  closure  of  the  attitude  loop. 


The  altitude-rate  bandwidth  frequencies  are  presented  in  Table  8 
Appendix  K  and  are  plotted  against  the  actual  pilot  ratings  in  Figure  45.  The 
boundaries  shown  in  Figure  45  encompass  those  configurations  where  pilot  com¬ 
ments  indicated  a  strong  influence  of  altitude-rate  control.  An  overall  trend 
of  improved  pilot  ratings  with  increasing  altitude  bandwidth  is  evident.  The 
trend  in  Figure  45  indicates  an  improvement  in  pilot  ratings  with  increasing 
altitude-rate  bandwidth,  although  the  curve  does  not  appear  linear.  This 
relationship  does  not  point  out  a  significant  increase  in  altitude-rate  band¬ 
width  with  the  addition  of  a  lead/lag  pre- filter  (Configurations  4,  5,  6-2). 
The  magnitudes  of  these  bandwidths  appear  to  be  in  the  vicinity  of  the  band¬ 
width  for  the  conventional  aircraft  (Configuration  7).  Both  the  conventional 


4-25 


Figure  45  COMPARISON  OF  hD/F_  BANDWIDTH  AND  ACTUAL  PILOT  RATINGS 


and  the  prefilter  configurations  consistently  received  Level  1  and  upper  Level 
2  ratings.  The  shuttle  configuration  with  the  canard  (Configuration  8-4-6) 
received  a  Cooper-Harper  rating  of  l  and  had  the  highest  altitude-rate  band¬ 
width  (goqw  =  3.4  rad/sec).  The  command  washout  filter  did  not  increase  the 
altitude-rate  bandwidth  to  the  extent  of  the  improvements  in  the  pilot 
ratings.  The  altitude-rate  bandwidth  does  not  explain  the  effects  of  the 
washout  filter  on  the  pilot’s  technique  and  the  pilot  ratings. 

The  pilot  comments  associated  with  altitude-rate  control  are  fairly 
consistent  with  the  increase  in  altitude-rate  bandwidth.  Figure  46  displays 
typical  pilot  comments  relating  to  altitude-rate  control  associated  with  the 
points  in  Figure  45.  The  higher  bandwidth  configurations  were  basically  said 
to  have  good  altitude- rate  control  and  predictability,  whereas  the  lower  band¬ 
width  configurations  experienced  difficulties  in  this  area.  Based  on  the 
relationship  in  Figure  45,  a  tentative  set  of  handling  qualities  boundaries 
were  formulated: 

UBW  -  0.9  Level  1 
ojbw  £  0-7  Level  2 
ojbw  <0.7  Level  3 

It  must  be  stated  that  these  boundaries  are  based  on  a  trend  derived  from  a 
single  set  of  data  for  the  sole  purpose  of  making  a  prediction  of  the  handling 
qualities  ratings  for  the  configurations.  Predicted  pilot  ratings  for  the 
configurations  were  made  through  linear  interpolation  from  Figure  45  and  using 
the  level  boundaries  stated  above.  With  this  in  mind,  Figure  47  shows  a  com¬ 
parison  of  predicted  pilot  ratings  based  on  altitude-rate  bandwidths  and  the 
actual  pilot  ratings.  Despite  the  possible  error  in  the  predicted  pilot 
ratings,  a  majority  of  the  configurations  were  predicted  within  one  pilot 
rating  of  the  actual  value.  The  altitude- rate  bandwidth  does  appear  to  be  a 
dominating  parameter  in  the  pilot’s  task  during  a  landing  task. 
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VERY  GOOD  PREDICTABILITY 


Figure  46  PILOT  COMMENTS  REGARDING  ALTITUDE  RATE  CONTROL 


ACTUAL 

COOPER- 

HARPER 

RATING 


ALTITUDE-RATE  PREDICTED  COOPER-HARPER  RATING 


Figure  47  COMPARISON  OF  ACTUAL  PILOT  RATINGS  AND  ALTITUDE-RATE  PREDICTED 
PILOT  RATINGS 
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4. 2. 3. 2  Time  Domain  Analysis 


The  time  domain  analysis  did  not  begin  as  such,  but  as  a  preliminary 
study  of  the  time  histories  of  each  configuration  (Appendix  A)  in  an  attempt 
to  correlate  them  with  pilot  ratings.  The  time  histories  were  a  response  to 
an  elevator  step  IN,  step  OUT,  i.e.,  a  pulse  of  five  seconds  duration.  This 
input  was  chosen  in  order  to  facilitate  curve  matching  during  inflight  con¬ 
figuration  verification. 

•  Effect  of  LeadAag  Pre-Filter 

The  effect  of  the  lead/lag  pre-filter  was  apparent  in  the  time 
histories  as  increase  of  pitch  rate  overshoot,  increase  in  angle  of  attack  (a) 
frequency  i.e.,  time  to  first  peak,  and  an  increase  in  the  initial  accelera¬ 
tion  at  the  pilot  station  (NZp).  A  comparison  of  time  histories  (Appendix  A) 
of  configurations  1-1-1  (no  pre-filter,  average  HQR  =  6),  4-1-1  (1-1-1  with  a 
lead/lag  pre-filter,  average  HQR  =  3.8),  and  7-1-4  (conventional  aircraft, 
average  HQR  =  2.8),  will  show  these  trends. 

•  Definition  of  Alpha  Time  History  Terms 

As  the  time  domain  criteria  developed  it  became  apparent  that  the 
alpha  time  history  of  the  "conventional  aircraft",  configuration  7-1-4, 
displayed  characteristics  that  were  desired  for  Level  1  performance.  One 
desired  characteristic  is  an  alpha  "quickness",  or  time  to  first  peak,  that 
results  from  the  1/t02  zero  location,  pitch  rate  overshoot  etc.  The  second 
characteristic  is  the  flatness  of  the  alpha  time  history  subsequent  to  the 
short  period  response  of  the  step  input,  or  the  constant  alpha  steady  state 
response  to  the  step  input.  This  "flatness"  of  the  alpha  response  is  due  to 
the  phugoid  roots,  "phugoid  like"  roots  (washout  pre-filter),  static  stability 
etc.  and  provides  the  speed  stability  characteristic  of  "conventional"  stati¬ 
cally  stable  aircraft.  The  "flatness"  characteristic  is  described  in  this 
report  as  alpha  command  to  differentiate  it  from  the  "pitch  rate  command" 
characteristic  of  integrated  pitch  rate  feedback  flight  control  systems.  The 
term  alpha  command"  is  not  meant  to  infer  an  alpha  loop  closure  by  the  pilot 
any  more  than  the  term  "pitch  rate  command"  infers  a  pitch  rate  loop  closure. 
An  important  by-product  of  "flatness  of  the  alpha  response",  "alpha  command", 
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"speed  stability",  etc.  is  that  it  allows  monotonic  stick  forces  in  the 
landing  flare.  The  pitch  forces  are  monotonic  in  that  the  flare  requires 
modulation  of  aft  stick  pressure  rather  than  reversal  of  stick  forces  in  the 
landing  flare  as  required  by  pitch  rate  flight  control  systems. 

•  Effect  of  Washout  Pre-Filter 

The  primary  effect  of  the  washout  filter  as  observed  on  the  time 
histories  was  to  bend  the  alpha  curve  down  such  that  it  resembles  a  pure  alpha 
command  system  similar  to  the  conventional  aircraft  configuration.  A  com¬ 
parison  of  configurations  6-1-1-1  (superaugmented,  HQR  =  3.0),  and  7-1-4  (the 
conventional  aircraft,  average  HQR  =  2.8),  in  Appendix  A  demonstrates  this 
effect.  It  begins  to  appear  to  the  observer,  at  this  point,  that  a  way  to 
make  a  flight  control  system  produce  good  landing  characteristics  might  be  to 
design  it  such  that  the  time  histories  look  like  those  of  conventional 
aircraft  i.e.,  classical  well  behaved  short  period  and  phugoid. 

•  Effects  of  Combining  Lead/Lag  and  Washout  Pre-Filters 

A  study  of  time  histories  of  6-1-1  Csuperaugmented,  average  HQR  = 
5.0),  6-2-1  (6-1-1  with  lead/lag  prefilter,  HQR  =  3.7),  and  6-2-1-1  (6-2-1 
with  a  washout  pre-filter,  HQR  =  3.0)  demonstrates  the  progression  of  a  typi¬ 
cal  pitch  rate  command  system  as  the  I/t^  zero  is  restored,  and  alpha  fre¬ 
quency  improved  (lead/lag  pre- filter),  and  alpha  command  is  restored 
(monotonic  stick  forces  in  the  landing  flare  due  to  the  washout  filter).  All 
these  manipulations  tend  to  make  the  time  history  become  more  like  that  of 
7-1-4  the  "conventional"  Level  1  aircraft. 

•  Effect  of  Vertical  Acceleration  at  the  Pilot  Station  (NZp) 

Configuration  8-4-6  (shuttle  like  canard,  HQR  =  1)  was  initially  a 
paradox  to  the  analysis.  The  basis  of  this  configuration  was  8-3-5  (shuttle 
like  OFT,  Average  HQR  =  6.7)  a  Level  2/3  configuration.  It  was  converted  to  a 
canard  configuration  by  changing  the  sign  of  L$g.  The  pitch  rate  and  alpha 
curves  are  quite  similar  to  those  of  8-3-5,  however,  the  NZp  curve  is  noti¬ 
ceably  different.  The  initial  NZp  is  slightly  higher  than  steady  state.  This 
observation  tended  to  enforce  the  belief  that  vertical  acceleration  at  the 


pilot  station  is  another  important  factor  in  pilot  ratings  in  the  landing  task 
(the  lack  of  time  delay  in  the  y  response,  due  to  contribution,  of  this 
configuration  was  also  a  strong  factor  in  the  pilot  rating). 

4. 2. 3. 3  Identification  of  Time  Domain  Parameters 

From  a  piloting  standpoint  the  physical  aspects  of  the  improvements 
seen  as  a  result  of  the  pre-filter  were  more  obvious  than  was  an  analytical 
criterion  based  on  time  history  measurements.  The  lead/lag  pre-filter 
obviously  quickened  the  alpha  response  thus  allowing  the  aircraft  to  follow 
the  inputs  of  the  pilot  more  quickly  and  produce  better  flight  path  (y) 
response.  Additionally,  the  initial  vertical  acceleration  at  the  pilot  sta¬ 
tion  was  increased  thus  giving  the  pilot  a  preliminary  cue  that  he  had  made  an 
input  in  the  proper  direction  and  also  an  indication  of  the  magnitude  of  that 
input  (which  would  eventually  change  y).  The  washout  prefilter  provided  more 
nearly  an  angle  of  attack  command  that  restored  monotonic  control  forces  in 
the  flare  i.e.,  the  force  on  the  stick  was  an  indication  of  the  alpha  change 
commanded  (eventual  y  change)  and  the  pilot  could  conduct  the  flare  without 
reversing  stick  forces  i.e.,  no  requirement  to  "push  to  land”.  It  is 
desirable  that  the  alpha  response  be  "flat”  (i.e.,  proportional  to  stick 
deflection)  after  the  short  period  transient  because  the  pilot  can  use  the 
stick  force  cue  as  an  indication  of  angle  of  attack  and,  because  alpha  tends 
to  stay  constant,  the  attitude-rate  equals  the  flight  path  rate.  The  pilot 
thus  has  two  observable  cues  (i.e.,  stick  feel  and  pitch  attitude  change)  that 
are  useful  in  controlling  flight  path.  In  the  case  of  the  rate  command 
system,  the  angle  of  attack  and  the  flight  path  both  vary  continuously 
following  a  stick  command  and  the  pilot  cannot  evaluate  how  much  either  one  is 
varying  by  observing  the  pitch  attitude.  The  stick  deflection  and  pitch  atti¬ 
tude  only  give  information  about  pitch  attitude  not  alpha  or  gamma.  It  is 
desirable  for  the  alpha  response  to  be  proportional  to  stick  commands  not 
because  the  pilot  observes  alpha  and  controls  it  directly  but  rather  because 
when  the  alpha  response  is  proportional  to  stick  commands  the  pilot  can  use 
stick  force  to  predict  flight  path. 

Continued  study  of  the  time  histories  began  to  provide  a  visual 
correlation  of  time  history  shapes  with  pilot  ratings.  Two  basic  curve  para¬ 
meters  appeared  to  correlate  with  better  ratings. 
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a*  The  "flatness"  of  the  alpha  curve  in  the  steady  state 


b.  The  initial  acceleration  of  the  pilot  station 


It  became  obvious  that  if  one  could  identify  the  “goodness"  of  the 
time  history  shapes  in  a  numerical  manner  a  method  of  predicting  pilot  rating 
from  time  history  parameters  might  be  feasible. 

The  following  are  some  of  the  preliminary  time  domain  parameters 
tested  for  correlation  with  flight  results: 
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7.  y  Time  Delay 


Y 


Hf 


A - v- 


T 


q 


9.  Qm/qss 


10.  Tq  -  Ta 


All  these  parameters  were  plotted  versus  flight  HQR’s  for  possible  correla¬ 
tion.  None  of  the  correlations  were  significant  enough  to  justify  other  than 
linear  relationships.  Manual  manipulation  of  various  combinations  of  parame¬ 
ters 

showed  some  promising  correlations.  The  parameter  combination  showing  best 
correlations  were  N_  /N 

'I  X  ^ 

were  plotted  individually,  however,  no  direct  correlation  was  apparent 
(Figures  48  and  49). 


a  (N^  )  and  a  /a  ■  (a).  When  these  parameters 
ZPT  ZD  ZP  SV  1 


4. 2.3. 4  Development  of  Time  Domain  Predictive  Criteria 

A  least  squares  fit  computer  program  was  used  in  an  attempt  to  further 
identify  the  significant  parameters  of  those  listed  above.  The  results  of  this 
effort  showed  significant  correlation  with  only  (df)  and  (N'  ),  and  provided  the 
following  relationship:  P 

Predicted  HQR  (PHQR)1  =  3.6  ct-  2.0  Nz  +  4.3 

P 
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A  comparison  of  this  algorithm  with  flight  data  is  shown  in  Table  2  of 
Appendix  K  and  on  Figure  50.  This  relationship  provided  the  following  predic¬ 
tive  accuracy  (configurations  4-3-7  and  8-2-5-1  were  not  used  in  the  data  base 
and  are  excluded  for  comparison  purposes,  however,  they  are  shown  on  the 
curves). 


15  of  25  (60%)  PHQRi  -  HQR  <  +1 

7  of  25  (32%)  PHQRi  -  HQR  +1  <  +2 

and  2  of  25  (  8%)  PHQRi  -  HQR  >  +2 

or  92%  were  predicted  within  less  than  2  HQR  numbers 

A  limitation  of  this  predictive  method,  however,  was  that  it  did  not 
account  for  effects  of  frequency.  The  configurations  tested  in  this  flight 
program  were  all  chosen  from  within  the  MIL  8785  boundaries  for  Level  1  perfor¬ 
mance  and  there  was  not  sufficient  variation  to  identify  significant  frequency 
related  parameters.  This  shortcoming  became  readily  apparent  when  the  time 
domain  criteria  was  applied  to  another  data  base,  the  Large  Aircraft  data  of 
Reference  4.  (The  Large  Aircraft  program  task  was  an  instrument  approach  to  a 
simulated  landing.  The  ratings  were  not  broken  down  into  the  two  phases  of  the 
task  and  some  ratings  were  based  on  the  instrument  approach,  these  were 
discarded.  Also  discarded  were  those  configurations  with  time  delays  in  excess 
of  those  used  for  the  Pitch  Rate  Program). 

4. 2. 3. 5  Application  of  Original  Time  Domain  Criteria  to  Large  Aircraft  Data 

Figure  51  is  a  plot  of  the  data  from  the  Large  Aircraft  Program,  the 
supporting  data  is  shown  in  Table  3  of  Appendix  K. 

The  correlations  of  Figure  51  showed: 

6  Of  16  (38%)  PHQRi  -  HQR  <  +1 

7  of  16  (43%)  PHQRi  -  HQR  +1  <  +2 

and  3  of  16  (19%)  PHQRi  -  HQR  >  +2 

or  81%  were  predicted  within  less  than  2  HQR  numbers 

These  figures  look  acceptable  on  the  surface,  however,  four  strong  Level  3  con¬ 
figurations,  (HQR’s  =  9,  9,  9  and  10)  were  not  identified  as  such.  For  a  valid 
predictive  criteria  this  was  considered  unacceptable. 
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Figure  50  PREDICTED  HQR  (PHQR)  VS  FLIGHT  HQR  (HQR)  (FINAL  APPROACH 
AND  FLARED  LANDING)  PITCH  RATE  PROGRAM  (1983) 
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Figure  51  PREDICTED  HQR  (PHQR)  VS  FLIGHT  HQR  (HQR)  (INSTRUMENT  APPROACH 
TO  SIMULATED  FLARED  TOUCHDOWN)  LARGE  AIRCRAFT  PROGRAM  (1981) 
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4. 2. 3.6  Development  of  a  Frequency  Related  Parameter  for  the  Time  Domain 

Criteria 

Previous  attempts  at  correlating  any  of  the  frequency  related  parame¬ 
ters,  Ta,  Tq,  and  Tnz  had  shown  very  weak  correlations.  As  was  the  case  in 
the  previous  development,  an  approach  was  arrived  at  by  first  determining  what 
was  happening  to  the  pilot  in  a  physical  sense  and  then  developing  an  analyti¬ 
cal  criteria  to  determine  the  efficiency  of  the  physically  derived  hypothesis. 

In  this  case  one  must  consider  what  a  pilot  requires  as  regards  sen¬ 
sory  feedback,  in  order  to  execute  a  flared  landing  in  an  aircraft.  He  must 
obviously  control  flight  path  (y)  and  his  primary  sense  of  flight  path  is 
altitude- rate  (h).  The  h  loop  is  rather  slow,  however,  and  fortunately  the 
pilot  normally  has  other,  and  faster,  "surrogate**  cues  to  assist  him  in  con¬ 
trolling  h  in  the  landing  flare.  First,  if  the  flight  control  system  provides 
alpha  command  i.e.,  a  conventional  aircraft,  the  stick  force  applied  is 
proportional  to  the  angle  of  attack  (a)  commanded  and  the  rate  of  change  of 
flight  path  is  proportional  to  (a).  In  short,  the  force  applied  to  the  stick 
is  an  indication  to  the  pilot  of  the  rate  of  change  of  flight  path  he  has  com¬ 
manded.  He  doesn’t  have  to  wait  for  h  to  change  in  order  to  initially  judge 
his  input  size  .  Second,  if  the  pilot  is  provided  cockpit  acceleration  cues, 
this  feedback  (in  many  cases  subconscious)  will  also  provide  a  preliminary 
indication  of  the  eventual  result  of  his  input  i.e.,  flight  path  change. 

If  the  pilot  is  denied  both  of  these  "surrogate"  cues  he  is  forced  to 
close  the  h  loop  using  h  as  the  only  feedback  and  becomes  very  dependent  on 
the  frequency  of  the  alpha  (a)  response  (the  mechanism  for  flight  path 
change).  If  this  response  is  slow,  either  due  to  a  short  period  frequency  out 
of  the  Level  1  specification  boundary  or  a  slow  alpha  response  because  of  con¬ 
trol  system  design,  the  pilot  will  have  much  difficulty  in  closing  the  li  loop 
and  a  poor  rating  will  result.  (A  significant  result  of  this  flight  experi¬ 
ment  was  the  indication  that  both  "surrogate"  cues  are  not  necessary.  Either 
one,  if  sufficiently  strong,  can  provide  Level  1  ratings). 

Previous  attempts  to  correlate  the  alpha  frequency  (Ta)  with  ratings 
were  unsuccessful  because  Ta  only  becomes  a  significant  factor  if  the 


4-41 


surrogate  cues  i.e.,  monotonic  stick  forces,  or  cockpit  acceleration  cues 
are  missing.  (Ta  was  applied  to  the  least  squares  fit  program  and  poor  corre¬ 
lation  resulted,  even  in  combination  with  other  significant  parameters. 

Figure  52  is  a  plot  of  Ta  with  HQR  and  shows  the  lack  of  direct  correlation  of 
this  term  alone). 

Consequently,  a  parameter  was  developed  that  allowed  stronger  contri¬ 
bution  of  the  alpha  frequency  when  the  stick  force  and  acceleration  cues  were 
reduced.  The  parameter  is  "weighted  Ta"  (or  ^  ')  where: 


r  •/ 
a 

+  0.05  ' 

N7 

+  0.05 

zp 

and 

when  T ^  >  6  let  T a  =  6 

(The  0.05  terms  prevent  un-realistic  contributions  of  T  when  o' or  N7  are 

01  ZP 

very  small  or  zero.  The  (Ta  -  1)  term  indicates  that  Ta  =  1  sec  is  a  near 
optimum  value  for  flared  landing  task. 

A  plot  of  T^  versus  HQR  is  shown  on  Figure  53  and  shows  some  improve¬ 
ment  in  direct  correlation  than  Ta  unweighted.  A  similar  term  was  developed 
for  TNz  and  the  two  along  with  the  previous  parameters  (a)  and  (Nz  )  were 
applied  to  the  pitch  rate  data  and  put  in  the  least  squares  fit  program  to 
determine  correlation  effectiveness.  The  result  was  that  the  weighted  Ta 
parameter  (T^)  showed  significant  correlation  along  with  a  and  Nz  .  The 
weighted  Tqz  parameter  displayed  no  significant  correlation. 

It  should  be  noted  at  this  point  that  in  all  cases  only  the 
pitch  rate  data  base  was  used  in  the  development  of  the  time 
domain  criteria.  The  criteria  algorithms  were  then  applied 
_to  other  flight  data  as  a  check  for  more  general  application. 

The  relationship  resulting  from  the  least  squares  fit  program  was: 

PHQR  =  1.7  (a)  -  1.44  (N^  )  +  0.55  T7  +  3.9 

P 
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Figure  53  CORRELATION  OF  WEIGHTED  Ta  TERM  (T'a  ) 
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4.2.3. 7  Application  of  the  Frequency  Corrected  Time  Domain  Criteria  to  the 
Pitch  Rate  Data  Base 

Figure  54  is  a  comparison  plot  of  the  above  relationship  applied  to 
the  pitch  .rate  data,  and  Table  2  of  Appendix  K  lists  the  supporting  data.  The 
correlations  of  the  pitch  rate  data  were: 

14  of  25  (56%)  PHQR HQR  <  +1 
9  of  25  (36%)  PHQR  -  HQR  +1  <  +2 

2  of  25  (  8%)  PHQR  -  HQR  >  ±2 

or  92%  were  predicted  to  within  less  than  2  HQR  numbers 

4. 2. 3. 8  Application  of  Frequency  Corrected  Time  Domain  Criteria  to  the  Large 
Aircraft  Data 

The  relationship: 

PHQR  =  1.7  (a)  -  1.44  (N'  )  +  0.55  T  '  +  3.9 

P 

was  applied  to  the  large  aircraft  data  and  the  results  are  plotted  on  Figure 
55  with  supporting  data  in  Table  3  of  Appendix  K.  These  correlations  showed: 

5  Of  16  (31%)  PHQR  -  HQR  <  ±1 

8  Of  16  (50%)  PHQR  -  HQR  +1  <  +2 

3  of  16  (19%)  PHQR  -  HQR  >  +2 

or  81%  within  less  than  +2  HQR  numbers 

These  results  are  similar  numerically  to  the  non-frequency  corrected 
results  but  the  significant  difference  is  that  all  Level  3  configurations  are 
properly  identified. 

4. 2. 3.9  Application  of  Frequency  Corrected  Time  Domain  Criteria  to  SST  Data 

The  SST  program  (Reference  13)  provided  an  additional  check  of  the 
application  of  the  time  domain  criteria.  All  but  three  of  the  SST  con¬ 
figurations  were  unstable  and  divergent  to  a  step  input.  The  time  domain  cri¬ 
teria  will  not  apply  to  divergent  time  histories  because  there  is  no  steady 
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(FREQUENCY  CORRECTION 
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Figure  54  PREDICTED  HQR  (PHQR)  VS.  FLIGHT  HQR  (HQR)  FINAL  APPROACH 
AND  FLARED  LANDING)  PITCH  RATE  PROGRAM  (1983) 
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Figure  55  PREDICTED  HQR  (PHQR)  VS.  FLIGHT  HQR  (HQR)  (FLARED  LANDINGS, 
SIMULATED  TOUCHDOWN)  LARGE  AIRCRAFT  PROGRAM  (1981) 


state  angle  of  attack.  Consequently,  only  the  three  stable  SST  configurations 
were  tested  with  the  time  domain  criteria  and  the  results  are  shown  in  Table  4 
of  Appendix  K  and  Figure  56.  As  Figure  56  displays,  two  of  the  three  con¬ 
figurations  were  predicted  within  one  HQR  and  the  third  within  1.5  HQR. 

As  the  SST  configuations  tested  were  at  near  optimum  frequency  these 
points  are  not  a  good  test  of  the  time  domain  frequency  parameter. 

4.2.3.10  Correlation  of  Time  Domain  Criteria  With  All  Data  Bases  Tested 

Figure  57  is  an  overlay  of  all  comparison  figures.  The  numerical 
results  ares 


21  of  44  (485K)  PHQR  -  HQR  <  ±1 

18  of  44  (415K)  PHQR  -  HQR  +1  <  +2 

5  Of  44  (11*)  PHQR  -  HQR  >  ±2 

or  89%  were  predicted  to  within  less  than  2  HQR  numbers 

(Note  that  all  pitch  rate  data  points  are  shown,  however,  Configurations  4-7-7 
and  8-2-5-1  were  not  used  in  the  development  of  the  criteria  nor  are  they 
included  in  the  numerical  results). 

4.2.3.11  Correlation  of  Time  Domain  Criteria  With  Other  Classical  Predictive 
Criteria 


An  attempt  was  made  to  compare  time  domain  criteria  and  the  classical 
frequency  domain  criteria  used  in  the  analysis  for  relative  correlation  with 
flight  data. 


Since  some  of  the  criteria  .predict  flying  qualities  levels  rather 
than  HQR  numbers,  the  time  domain  criteria  and  h  bandwidth  were  converted  to 
flying  qualities  levels  by  the  following  relationships: 


Level  1  = 
Level  1-2  = 
Level  2  = 
Level  2-3'  = 
Level  3  = 


HQR  1  to  3 
HQR  3  to  4 
HQR  4  to  6 
HQR  6  to  7 
HQR  7  to  10 
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PHQR  =  1.7  a  -  1.44  N/  +  q.55  T'  +  3.9 


WHERE: 
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Figure  57  PREDICTED  HQR  (PHQR)  VS.  FLIGHT  HQR  (HQR)  (FINAL 
APPROACH  AND  FLARED  LANDING)  PITCH  RATE  PROGRAM 
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Table  9 

COMPARISON  OF ‘FLIGHT  DATA 
WITH  VARIOUS  PREDICTIVE  CRITERIA 
(Flying  Qualities  Levels) 


— 

FLIGHT 

FLIGHT 

BANDWIDTH 

EQUIV. 

NEAL-SMITH 

BANDWIDTH 

TIME 

CONFIG. 

DATA 

DATA 

CRITERIA 

SYSTEMS 

CRITERIA 

CRITERIA 

DOMAIN 

i 

| 

HQR 

(on  ©) 

CRITERIA 

(on  s) 

(on  fi) 

CRITERIA 

8-1-5 

8- 1-5-1 

8-2-5 

8-2-5-1 

8-3-5 

8-3-5-1 

8-4-6 

8-5-5 

8-5-5-1 


HQR  1.0 
HQR  3.0 
HQR  4.0 
HQR  6.0 
HQR  7.0 


Level  I 
Level  1-2 
Level  2 
Level  2-3 
Level  3 


2(0) 
2(0) 
1-2 
2(+) 
2(0) 
2-3(0) 
2(0) 
1(0) 
1-2(0) 
1— 2(— ) 
1-2(0) 
1-2(0) 
1-2(0) 
2(+) 
1-2(0) 

1- 2(+) 
1(+) 
1(+) 
2(+) 
2C-) 

2- 3(0) 
2(-) 
3(0) 
2(-) 
1(+) 
2(+) 
2(+) 


no  Grade 

0/0 

0/0 

3/11% 

2/7% 

0/0 

Error  =  2  Levels  (=) 

1/435 

1/4% 

4/17% 

2/8% 

0/0 

Error  =  1  Level  (-) 

13/4835 

11/41% 

8/33% 

6/24% 

4/15% 

Error  <  1  Level  (0) 

6/2235 

9/33% 

5/19% 

8/32% 

14/52% 

Error  =  0  Level  (+) 

7/26% 

6/22% 

7/29% 

9/36% 

9/33% 

Total  <  1  Level  Error 

48% 

55% 

48% 

68% 

85% 
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This  "level  data"  was  then  compared  with  bandwidth  criteria  (on  e), 
equivalent  systems  criteria,  and  Neal-Smith  criteria  (on  9)  in  Table  9  of 
Appendix  K.  The  results  are  completely  tabulated  in  Table  9,  however,  a  sum¬ 
mary  of  the  results  ares 

Criteria  Configurations  predicted  to  within  less  than 

one  flying  qualities  level  of  flight  data: 


Bandwidth  (on  e)  48% 

Equivalent  Systems  55% 

Neal-Smith  (on  e)  48% 

Bandwidth  (on  h)  68% 

Time  Domain  85% 

4.2.3.12  Time  Delay  Parameters 


There  was  not  sufficient  time  delay  change  in  the  pitch  rate  data 
base  to  develop  a  time  delay  parameter.  Consequently,  the  time  domain  cri¬ 
teria  presented  is  only  applicable  to  maximum  time  delay  (effective  plus 
transport)  of  170  ms  from  stick  force  to  aircraft  motion  (pitch  rate).  The 
development  of  a  time  delay  parameter  appears  quite  feasible  but  requires  a 
larger  flight  data  base  generated  in  a  controlled  experiment. 

4.3  DISCUSSION  OF  RESULTS  AND  ANALYSIS 

The  purpose  of  this  experiment  was  to  examine  the  cause  of  poor  pilot 
ratings  of  pitch  rate  command  flight  control  systems  in  the  flared  landing 
task  and  to  determine  if  pitch  rate  overshoot  was  a  significant  factor.  The 
results  of  the  investigation  yielded  many  more  answers  than  expected  thus  the 
subsequent  conclusions  extend  beyond  the  original  scope  of  the  experiment. 

It  appears  that  several  design  approaches  will  provide  flight  control 
systems  that  demonstrate  Level  1  flying  qualities  in  the  flared  landing  task. 
The  experiment  illustrated  a  number  of  reasonable  methods  that  will  be 
discussed  in  the  following  paragraphs.  All  of  the  approaches  must  first  take 
into  account  how  the  pilot  executes  a  flared  landing  and  what  cues  he  requires 
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in  order  to  execute  the  landing  with  predictability  and  precision.  This 
experiment  also  provided  more  insight  into  pilot  requirements  in  the  task  and 
comments  will  also  be  offered  in  this  regard. 

4.3.1  Pilot  Requirements  in  the  Flared  Landing  Task 

The  flared  landing  task  requires  the  pilot  to  very  accurately  control 
flight  path,  or  more  specifically  altitude  rate  (h)  in  the  final  few  feet 
prior  to  touchdown.  This  is  particularly  true  for  small  airplanes  (i.e.,  low 
eye  height)  where  depth  perception  is  very  good  and  consequently  the  pilot  can 
stay  tightly  in  the  loop  in  the  final  landing  phase.  In  larger  aircraft  i.e., 
high  eye  height,  30  ft  or  greater,  the  technique  is  more  towards  "open  loop" 
type  landing  where  an  acceptable  rate  of  descent  is  selected  subsequent  to 
pre-flare  and  the  pilot  normally  does  not  tightly  enter  the  loop  close  to  the 
ground  (i.e.,  he  "hangs  on"  until  touchdown).  The  eye  height  in  the  experi¬ 
ment  was  approximately  12  feet  which  is  representative  of  fighter  size 
aircraft. 


The  h  loop  is  slow  even  for  normally  attainable  short  period  frequen¬ 
cies  and  the  pilot  requires  feedback  cues  other  than  h  in  order  to  achieve 
consistently  good  results.  In  a  normal  aircraft  (those  with  conventional 
short  period  and  phugoid)  an  excellent  cue  is  stick  force  because  stick  force 
controls  angle  of  attack  and  rate  of  change  of  flight  path.  This  results  in 
an  increasing  average  pull  force  during  the  flare  as  the  speed  bleeds  off  and 
the  angle  of  attack  must  be  increased.  In  many  cases  this  cue  alone  was  suf¬ 
ficient  for  Level  1  performance  and  pilot  ratings. 

An  additional  cue  is  cockpit  vertical  acceleration  (NZp)  that  is  pro¬ 
vided  by  pilot  location  relative  to  the  center  of  rotation.  If  the  pilot  is 
located  in  front  of  the  rotation  center  this  cue  is  supportive  in  that  it  pro¬ 
vides  an  indication  of  control  direction  and  magnitude.  If  the  pilot  is 
located  behind  the  center  of  rotation  i.e.,  shuttle  orbiter,  this  is  a  nega¬ 
tive  cue  and  with  the  lack  of  proper  stick  force  cues  can  be  quite  detrimen¬ 
tal.  If  the  NZp  cue  is  in  the  proper  direction  and  large  enough,  Level  1 
performance  might  be  achieved  even  in  the  absence  of  stick  force  cues. 
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4.3.2  Design  Methods  to  Achieve  Proper  (Monotonic)  Stick  Force  Cues  in  the 
Landing  Flare 


1.  Feed  back  angle  of  attack  and  pitch  rate  to  obtain  conventional 
short  period  and  phugoid  root  locations,  that  meet  MIL  8785 
Level  1  requirements. 

2.  If  angle  of  attack  feedback  is  not  feasible  and  integral-  pro¬ 
portional  pitch  rate  feedback  is  the  best  feasible  approach: 

a.  Position  the  pseudo  short  period  roots  to  meet  MIL  8785 
Level  1  requirements. 

b.  Apply  a  lead/lag  pre-filter  in  the  command  path  to  cancel 
the  *2  root  anci  thus  restore  the  1/t02  zero,  and  to  cancel 
the  control  system  zero. 

c.  And/or  apply  a  washout  pre-filter  in  the.  command  path  to 
assure  monotonic  stick  forces. 

The  washout  pre-filter  should  be  implemented  only  during  the  landing 
flare.  Washout  implementation  in  the  approach  would  require  a  turn  compen¬ 
sation  similar  to  that  used  in  the  experiment  or  some  other  method  to  provide 
normal  control.  In  addition,  some  method  of  removing  the  washout  in  event  of 
go-around  should  be  considered. 

4*3.3  Design  Methods  to  Achieve  Pilot  Station  Acceleration  Cues  in  the 
Landing  Flare 

i*  Location  of  the  pilot  relative  to  the  center  of  rotation  is  the 
primary  factor  in  N2p  levels  and  this  is  a  function  of  aircraft 
configuration.  Aircraft  configuration  is  a  result  of  many  other 
compromises  and  it  is  doubtful  that  flying  qualities  in  the 
landing  flare  would  dictate  the  final  configuration. 
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The  lead/lag  filter  of  the  previous  paragraph  will  improve  Nz 
cues  unless  the  pilot  is  located  quite  close  to  the  center  of 
rotation. 

Active  direct  lift  controls  can  control  pilot  station  accelera¬ 
tions  to  an  extent. 
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CONCLUSIONS 


Section  5 

CONCLUSIONS  AND  RECOMMENDATIONS 


1.  Current  integral-proportional  pitch  rate  command  flight  control 
systems  can  provide  excellent  attitude  control  i.e.,  pitch 
pointing.  However,  although  good  attitude  control  is  a  pre¬ 
requisite  for  the  flared  landing  task  it  is  not  sufficient  to 
provide  Level  1  performance. 

2.  The  pilot  requires  "surrogate”  feedback  cues  to  precisely 
control  flight  path  in  the  landing  flare.  For  conventional 
short  period  and  phugoid  dynamics  he  can  use  the  following  cues: 

•  Initial  acceleration  at  the  pilot  station. 

•  Stick  deflection  and  stick  force  are  related  to  angle  of 
attack  and  flight  path. 

•  Initial  attitude  response  during  short  period  transient 
reflects  commanded  angle  of  attack. 

•  Longer  term  pitch  rate  and  attitude  indicates  flight 
path  rate  and  flight  path  angle. 

In  the  case  of  rate  command  attitude  hold  systems,  the  stick 
commands  pitch  rate  and  the  control  sytem  holds  pitch  attitude 
when  the  stick  command  is  zero.  Stick  deflection  and  pitch  rate 
are  nearly  proportional  but  neither  give  very  useful  cues  as  to 
what  angle  of  attack  and  flight  path  are  doing.  This  is  because 
the  control  system  causes  two  of  the  dynamic  modes  to  be 
decoupled  from  the  pitch  rate  and  attitude  responses  but  not 
from  the  angle  of  attack  or  flight  path  responses.  The 
augmented  roots  near  lAei  and  l/xe2  are  cancelled  in  the  pitch 
attitude  transfer  function  but  not  in  alpha  or  gamma.  These 
dynamic  modes  are  excited  by  pilot  control  actions  and  cause 
continuous  variation  of  angle  of  attack,  flight  path  and  speed 
but  not  pitch  attitude.  Thus  two  primary  cues  normally  used  by 


5-1 


ths  pilot  (i.e. ,  stick  feel  and  pitch  attitude)  as  ** surrogates** 
for  controlling  flight  path  are  reduced  in  value  for  this  pur¬ 
pose  because  the  control  system  decouples  the  pitch  attitude 
from  the  dynamic  responses  of  angle  of  attack,  flight  path  angle 
and  airspeed. 


3.  The  most  direct  way  to  provide  these  cues  and  consequent  Level  1 
landing  performance  is  to  utilize  angle  of  attack  and  pitch  rate 
feedback  to  achieve  "conventional"  short  period  and  phugoid 
characteristics. 

4.  Integral-proportional  pitch  rate  flight  control  systems  can  be 
improved  to  Level  1  flared  landing  performance  by  the  use  of 
lead/lag  and  washout  pre-filters  in  the  command  path.  The 
lead/lag  filter  provides  required  initial  response  charac¬ 
teristics  which  include  improved  angle  of  attack  response.  This 
provides  better  flight  path  control  and  improved  acceleration 
cues  to  the  pilot.  The  washout  filter  changes  the  response  to 
stick  commands  from  q,  ot  and  y  to  9,  a  and  y  at  low  frequencies. 
This  permits  the  pilot  to  use  continuous  proportional  control 
instead  of  mandulated  pulse  control  and  restores  control  feel 
during  maneuvers. 


Strong  pilot  station  vertical  acceleration  cues  (pilot  in  front 
of  center  of  rotation)  can  provide  Level  1  flared  landing  per¬ 
formance  even  in  the  absence  of  monotonic  stick  forces. 


6.  Lift  curve  slope  effects  i.e.,  lA^  do  not  appear  to  be  a 
strong  factor  in  achieving  Level  1  flared  landing  performance. 
Level  1  performance  can  be  achieved  at  1/tq2  values  as  low  as 
0.38.  This  experiment  provided  insufficient  data  to  draw 
conclusions  of  1/tQ2  values  below  0.38  and  greater  than  0.72. 
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7.  The  relative  location  of  pseudo  short  period  roots  of  pitch  rate 
flight  control  systems  within  MIL  8785  Level  1  boundaries  for 
landing  do  not  appear  to  be  a  factor  in  achieving  Level  1  per¬ 
formance,  however,  the  angle  of  attack  short  period  frequency 
Ta  can  be  a  strong  factor  in  the  absence  of  stick  force  and 
acceleration  cues  (pitch  rate  command  attitude  hold  systems 
cause  an  augmented  root  to  be  located  near  1/tS2,  this  makes  the 
angle  of  attack  response  Third  order  and  the  bandwidth  of 
control  over  the  lift  force  is  reduced). 

8.  Classical  predictive  criteria  i.e.,  bandwidth  criteria,  equiva¬ 
lent  systems  criteria,  Neal-Smith  criteria,  etc.,  when  based  on 
pitch  attitude  do  not  provide  adequate  flying  qualities  predic¬ 
tions  for  the  flared  landing  task. 

9.  A  closed-loop  bandwidth  criteria,  when  applied  to  altitude-rate 
(h)  significantly  improves  predictive  capability  but  does  not 
appear  to  pick  up  the  effect  of  washout  pre- filters.  This  cri¬ 
teria  shows  promise  and  further  development  of  it  is  warranted. 

10.  Angle  of  attack  and  pilot  station  acceleration  time  histories 
provided  strong  correlation  with  flight  data. 

11.  A  time  domain  predictive  criteria  developed  from  the  experiment 
and  utilizing  measurements  from  angle  of  attack  and  pilot  sta¬ 
tion  acceleration  time  histories  to  a  step  input  was  the  most 
accurate  criteria  used  in  the  data  analysis.  This  criteria 
appears  to  apply  as  well  to  data  from  previous  experiments. 
Maturity  of  this  criteria  requires  a  larger  data  base. 
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5.2 


RECOMMENDATIONS 


5.2.1  Washout  Filter 

The  effects  of  the  washout  pre-filter  have  not  been  thoroughly 
explored.  A  flight  program  should  be  conducted  to  investigate  the  optimiza¬ 
tion  of  washout  filter  frequency  and  methods  of  implementing  the  pre- filter  at 
appropriate  points  in  the  final  approach. 


5.2.2  Non-Flared  Landings 


The  short  comings  of  pitch  rate  command  flight  control  systems  in  the 
flared  landing  task  are  well  documented.  It  is  quite  possible  that  lack  of 
monotonic  stick  forces  may  not  be  as  detrimental  in  a  non-flared  landing.  A 
flight  program  should  be  conducted  using  mirror  type  approaches  to  explore 
this  application  of  pitch  rate  command  systems. 


5.2.3  Time  Domain  Criteria  Refinement 

The  time  domain  criteria  developed  during  the  analysis  of  the  experi¬ 
ment  shows  promise  as  a  simple  and  direct  method  of  predicting  flying  quali¬ 
ties  for  many  different  types  of  flight  control  systems.  Refinement  of  this 
criteria  is  required  in  the  areas  of  effects  of  alpha  (a)  short  period  fre¬ 
quency,  and  time  delay. 


A  three  phased  approach  to  this  refinement  is  recommended: 

Conduct  a  data  search  of  previous  flight  programs  to  extend  the 
data  base  of  this  experiment  and  to  identify  areas  where  further 
data  is  required. 


Conduct  a  controlled  flight  experiment  to  extend  the  data  base 
of  Phase  I  and  to  specifically  provide  adequate  time  delay  and 
short  period  frequency  coverage. 


Phase  III 


Using  the  data  of  Phase  I  and  II  perform  a  thorough  analysis 
with  a  goal  of  refining  the  time  domain  criteria. 
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5.2.4  Altitude  Rate  Bandwidth  Criteria 


The  application  of  altitude  rate  bandwidth  analysis  also  shows  pro¬ 
mise  as  a  more  accurate  predictor  of  flying  qualities  in  the  landing  task. 
This  approach  should  be  included  and  refined  in  the  Phase  III  effort  recom¬ 
mended  above. 

5.2.5  Alpha  Limiter  Application 

An  alpha  limiter  was  incorporated  into  the  flight  control  design  of 
this  experiment  but  was  not  tested  due  to  flight  time  restraints.  Proper 
implementation  of  an  alpha  limiter  could  tend  to  produce  monotonic  stick  for¬ 
ces  in  the  landing  flare  similar  to  the  effects  of  the  washout  pre-filter. 
Effects  of  the  alpha  limiter  should  be  included  in  the  flight  investigation 
recommended  in  5.2.1. 


5-5 


Section  6 
REFERENCES 


1.  Chalk,  C.  R.  and  Weingarten,  N.  C.s  "Application  of  Calspan  Pitch  Rate 
Control  System  to  the  Space  Shuttle  for  Approach  and  Landing",  Calspan 
Final  Report  No.  7102-F-l,  February  1983. 

2.  Weingarten,  N.  C.:  "An  In-Flight  Investigation  of  a  Twin  Fuselage 

Configuration  in  Appraoch  and  Landing",  NASA  CR-172366,  August  1984. 

3.  Weingarten,  N.  C.:  "Flying  Qualities  Experiment  Performed  for  the  NLR  in 
the  TIFS  ,  Calspan  Report  No.  6645-F-4,  March  1981. 

4.  Chalk,  C.  R.  and  Weingarten,  N.  C.:  "in-Flight  Investigation  of  Large 
Airplane  Flying  Qualities  for  Approach  and  Landing",  Calspan  Final  Report 
No.  6645-F-5,  December  1981. 

5.  Hodgkinson,  J.,  et  als  "Equivalent  Systems  Approaches  to  Handling 
Qualities  Analysis  and  Design  Problems  of  Augmented  Aircraft", 
McAir-77-016,  (AIAA  paper  77-1122),  AIAA  Atmospheric  Flight  Mechanics 
Conference,  Hollywood,  Florida,  8-10  August  1977. 

6.  Hoh,  R.  H.,  Hodgkinson,  J.s  “Bandwidth  -  A  Criterion  for  Highly 
Augmented  Airplanes",  AIAA  paper  81-1890,  August  1981. 

7.  Hodgkinson,  J.,  Wood,  J.  R.,  Hoh,  R.  H.:  “  An  Alternate  Method  of 

Specifying  Bandwidth  for  Flying  Qualities" ,  AIAA  paper  82-1609 

8.  Neal,  T.  P.  and  Smith,  R.  E.s  "An  In-Flight  Investigation  to  Develop 
Control  System  Design  Criteria  for  Fighter  Airplanes"  AFFDL-TR-70-74, 
Vols.I  and  II,  Air  Force  Flight  Dynamics  Laboratory,  Wright-Patterson 
AFB,  Ohio,  December  1970. 

9.  Weingarten,  N.  C.  and  Chalk,  C.  R.s  "  In-Flight  Investigation  of  Large 
Airplane  Flying  Qualities  for  Approach  and  Landing",  AIAA  paper  82-1296, 
AIAA  Atmospheric  Flight  Mechanics  Conference,  San  Diego,  CA.,  9-11  Auqust 
1982. 

10.  Gentry,  T.A. :  "Guidance  for  the  Use  of  Equivalent  Systems  with 

MIL-F-8785C*  ,  AIAA  paper  82-1355,  AIAA  Atmospheric  Flight  Mechanics 
Conference,  San  Diego,  CA.,  9-11  August  1982. 

11.  Radford,  R.  C.,  Smith,  R.  E.  and  Bailey,  R.  E.j  "Landing  Flying 

Qualities  Evaluation  Criteria  for  Augmented  Aircraft",  NASA  CR-163097, 
August  1980. 

12.  Wasserman,  R,  Mitchell,  J.  A.s  “in-Flight  Simulation  of  Minimum 

Longitudinal  Stability  for  Large  Delta-Wing  Transports  in  Landing 

Approach  and  Touchdown",  Calspan  Report  No.  AK-5084,  February  1973. 


6-1 


APPENDIX  A 


COMPUTER  TIME  HISTORIES 
(5  sec  Step  In,  Step  Out) 
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APPENDIX  D 


CONFIGURATION  TABLE 


APPENDIX  E 

FLIGHT  TEST  ENGINEER’S  FLIGHT  SUMMARY 


KEY; 

D  =  Desired 
A  =  Adequate 
S  =  Short 
L  =  Long 

SP  =  Safety  Pilot 
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(Practive)  Low  lat  gearing; 
good  initial  pitch  response; 
pushed  a  little  to  land. 
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Poor  pred.  in  close;  No  DCS)  D 
PIO,  but  ballooned. 
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PILOT  COMMENT  TRANSCRIPTS 


F-l 


PILOT:  First  Evaluation  -  So  I  think  it  was  clearly  controllable  and  I  could 
do  the  job,  no  problem  there,  I  found  the  aircraft  satisfactory  without  impro¬ 
vement  for  what  I  saw  so  I  will  say  that  I  could  achieve  desired  performance 
and  do  the  task.  I  will  comment  that  the  task  is  fairly  benign  in  the  sense 
that  the  disturbance  in  close  doesn’t  really  bother  me  so  I  think  for  that  job 
I  could  do  it  with  pilot  compensation  not  being  a  factor  so  I  would  give  it  a 
2. 

The  Feel  -  We  made  some  changes  and  I  have  no  complaints  there. 

Roll  and  Pitch  Sensitivity  were  fairly  satisfactory. 

Initial  Response  was  good. 

The  airplane  was  predictable. 

Pitch  roll  harmony  was  good. 

No  special  techniques  except  I  learned  to  get  on  down  the  road  after  we  got 
down  towards  the  runway  more  than  I  did  the  other  day  so  I  could  get  down  in 
flare  and  not  run  out  of  airspeed. 

No  tendency  to  PIO.  The  airspeed  control  with  the  throttle  was  good,  it  uni¬ 
formly  decreased  the  throttle  with  the  feeling  of  control. 

Performance  -  flight  path  corrections  were  easy  -  airspeed  control  good. 

Touchdown  -  I  didn’t  have  any  problems  -  no  crosswinds  -  no  tendency  to  float 
it  landed  when  I  wanted  it  to.  Neither  the  approach  nor  the  landing  was  very 
difficult  no  effects  of  turbulence,  crosswinds. 

Good  features  -  I  felt  I  had  positive  control  in  learning  the  task  and  the 
airplane  is  coming  together  to  some  extent  so  I  think  I  will  stick  with  my 
rating  of  a  2.  The  PIO  rating  had  no  undesirable  motions  so  I  give  it  a  1. 

EERTHE:  So  on  that  last  comments  was  for  Configuration  Smith-3  on  Flight  729. 
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FLIGHT  72 9 

CONFIGURATION*  2-1-1 

PILOT* 

A 

DATE*  9/8/83 

HQ  RATING*  6 

PIO  RATING: 

4 

The  rating  -  I  think  it  is  controllable,  I  think  I  could  achieve  adequate  per¬ 
formance,  barely,  not  in  sink  rate. 

BERTHE:  No  we  got  the  first  touchdown  was  short  which  was  not  adequate  and 
the  second  time  was  a  high  sink  rate. 

HARPER:  The  pitch  down  location  was  desired. 

PILOT:  I’m  going  to  say  that  I  could  just  barely  get  the  job  done  for  now 
anyway  and  say  that  its  not  satisfactory  without  improvement.  I  could  not 
achieve  desired  performance  so  it’s  either  a  5  or  6  considering  I  landed  short 
the  first  time  with  a  good  sink  and  the  right  place  with  a  high  sink  rate  the 
second  time  -  I’m  going  to  say  that  it’s  a  6  because  I  didn’t  feel  like  I  was 
working  the  controls  hard  but  I  was  not  achieving  the  performance  for  reasons 
that  I  don’t  know  that  I  can  separate  out. 

I  dont  have  any  comments  on  the  feel  -  it  seemed  to  me  that  the  airplane  was 
not  responding  fast  enough  to  my  inputs  so  my  predictability  of  the  final 
response  was  a  problem  to  me,  I  was  obviously  misjudging  that. 

Pitch  roll  harmony  -  no  comments  there  -  no  special  inputs  that  I  noticed.  I 
noticed  the  tendency  to  overcontrol  in  some  undesirable  motions  in  response  to 
the  disturbance.  In  fact  I  don’t  really  feel  the  disturbance  discretely  as 
much  as  I  felt  like  suddenly  I  was  overcontrolling  so. 

Sensitivity  -  OK. 

Airspeed  control  -  no  comments  there. 

Flight  path  correction  -  I  could  make  them  far  out  OK.  but  not  in  close. 
Problems  in  judging  the  sink  rate  were  evident  I  didn’t  use  any  unusual 
control  techniques  like  we  should  have.  Landing  was  clearly  more  difficult 
than  approach. 

Turbulence  -  I  didn’t  notice  any  external  stuff.  The  gust  did. bother  me  in 
close  in  the  sense  that  it  set  up  two  or  three  oscillations  to  get  it  sorted 
away.  . 
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Good  features  -  I  don’t  have  any  comments  there. 

The  problems  I  have  already  outlined. 

The  rating  for  now  -  I  think  I  could  get  it  down  on  the  ground  in  one  piece  so 
I  will  say  at  this  moment  that  I  could  just  barely  achieve  adequate  perfor¬ 
mance  and  give  it  a  6. 

If  I  attempt  tight  control  I  did  cause  oscillation.  I  would  say  they  were  not 
divergent  and  I  would  give  it  a  4,  for  the  PIO  rating. 

End  of  comments  -  voice  recorder  OFF. 

However  the  predictability  was  reasonable. 
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FLIGHT  729 

CONFIGURATIONS  5-1-1 

PILOT* 

A 

DATE*  9/8/83 

HQ  RATINGt 

PIO  RATING* 

2 

The  feel  I  noticed  the  initial  forces  in  pitch  were  a  little  on  the  heavy 
side.  No  problems  with  the  displacement,  the  initial  response  in  pitch  I 
thought  was  a  little  slow  and  the  final  response.  However,  I  had  no  tendency 
to  overcontrol  that  I  noticed. 

Pitch  roll  harmony  -  no  complaints  there. 

No  special  inputs  -  no  tendency  to  PIO. 

Sensitivity  in  pitch  -  felt  a  little  on  the  heavy  side  but  maybe  if  I  had  my 
druthers  I  would  like  it  a  little  more  sensitive  but  I  don’t  think  that’s  a 
big  problem. 

Speed  control  -  was  OK. 

The  approach  performance  -  was  a  little  ratty  on  the  glideslope  I  think  that 
the  airplane  was  generally  a  little  bit  slow  in  pitch. 

Airspeed  control  -  seemed  O.K. 

Problems  -  I  was  pre-occupied  with  the  last  one  trying  to  worry  about  if  I 
landed,  which  I  think  I  did,  on  the  first  one  in  a  bit  of  a  crab  trying  to 
worry  about  the  crosswind  so  that  I  managed  to  screw  up  the  touchdown  zone  a 
bit.  I  think  you  could  get  the  airplane  down  where  you  wanted  it  I  didn’t 
notice  any  tendency  to  float,  although  I  do  note  that  with  these  airplanes 
that  when  I  get  near  the  touchdown  and  I  am  low  I  am  pushing  forward  a  little 
bit  to  get  it  down  and  not  being  concerned  about  doing  that. 

Approach  and  landing  -  I  think  the  landing  was  more  difficult  although  the 
approach,  glideslope  tracking  was  a  little  worse  than  I  have  seen. 

Crosswind  -  affected  me  in  the  sense  that  I  was  trying  to  do  something  about 
it  but  did  not  adequately  do  anything  about  it  and  we  landed  in  a  little  bit 
of  a  crab  on  the  first  one,  the  second  one  we  got  a  little  bit  off  center. 

Summary  comments  -  nothing  further  to  add. 

Pilot  rating  -  I  think  it  is  controllable,  I  think  I  can  get  adequate  perfor¬ 
mance  not  satisfactory  -  I  will  say  it  was  less  predictable  than  I  desired  and 
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I  debate  between  desired  and  adequate  and  since  Bob  Harper  did  it  once  I  will 
do  it,  I  will  give  it  a  4^. 

PIO  rating  -  Tight  control  -  did  it  cause  oscillations  -  no.  Undesirable 
motions  -  sometimes  I  think  I  was  not  getting  the  control  that  I  wanted  and  I 
will  express  that  by  saying  that  it’s  a  2.  They  were  both  adequate  (Berthe). 
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FLIGHT  729 

CONFIGURATION*  1-3-7 

PILOT:  A 

DATE*  9/8/83 

HQ  RATING:  3 

PIO  RATING:  1 

OK  on  both  of  those  -  the  first  one  I  missed  the  touchdown  zone  partially 
because  of  the  gusts  -  the  second  one  I  really  can't  put  it  down  to  the  pitch 
characteristics  that  I  missed  it.  I  just  didn’t  get  the  throttle  organized  in 
my  view.  In  terms  of  the  ratings  -  in  terms  of  the  pitch  control  I  felt  it 
was  controllable  I  could  achieve  adequate  performance  and  I  really  felt  that 
it  was  satisfactory.  So  I'm  going  to  say  that  and  I'm  going  to  comment  on 
what  I  actually  did  but  in  terms  of  the  pitch  response  I  thought  I  could 
control  and  it  was  a  question  of  getting  down  early  enough  and  I  think  I  do 
better,  maybe  I  was  cheating  a  little  bit,  I  don’t  think  so  but  I  do  better 
when  I  hit  an  altitude  at  the  road  rather  than  watching  the  glide  path.  The 
glide  path  has  some  wrinkles  at  the  end  and  I  go  chasing  those  and  I  get  all 
screwed  up.  OK,  I  like  the  airplane  in  general  so  I  think  I’m  going  to  say 
that  I  could  achieve  desired  performance  if  I  had  to  do  it  a  couple  of  more 
times.  Anyway  it  is  satisfactory  to  me  in  terms  of  the  pitch  response,  so  I 
would  give  it  a  3  on  that  basis.  Let  me  talk  some  more  about  it. 

The  feel  forces  displacements  were  good  -  harmony  no  problem. 

Roll  and  pitch  sensitivity  is  good. 

Initial  response  -  was  excellent.  Very  predictable  and  quite  on  the  quick 
side  but  not  overly  so. 

Pitch  roll  harmony  -  was  good. 

Special  inputs  -  I  didn’t  have  any. 

No  tendency  to  PIO. 

Sensitivity  was  good. 

Airspeed  control  was  satisfactory. 

Glideslope  performance  was  good. 

Flight  path  corrections  -  I  think  it  is  a  question  of  technique  in  getting  on 
down  hill  early  enough.  Maybe  I  was  making  the  side  step  a  little  later  but  I 
did  not.  The  first  one  I  had  a  little  higher  gust  but  I  really  couldn’t  get 


down  and  the  second  one  I  just  felt  like  I  had  very  positive  control  and  this 
is  likely  a  candidate  to  fly  again  some  time  because  of  what  I  am  saying,  I 
did  land  long  but  I  felt  like  I  was  in  good  shape  -  good  control  so  I  would 
move  my  aimpoint  just  slightly  for  this  one  and  I  think  I  can  do  the  job.  No 
problem  with  the  flare  except  that  I  did  go  on  by  it.  I  will  have  to  say  that 

I  changed  the  _  came  back  didn  t  feel  like  it  was  a  floating  tendency 

again  because  I  felt  like  I  just  didn’t  have  the  right  aim  point  but  we  will 
look  upon  that  again  I  guess  some  time. 

Approach  and  landing  -  no  distinction  there,  no  problems.  We  did  have  a 
crosswind  slightly  to  the  left  I  guess  but  it  didn’t  amount  to  anything 
although  I  tried  to  think  about  it  but  I  didn’t  have  to.  The  gust  input  was 
large  on  the  first  one  and  noticeable  but  not  a  significant  problem  on  the 
second  approach. 

The  good  features  -  I  really  felt  the  pitch  control  was  responsive  and  predic¬ 
table. 

HARPER:  Do  you  want  to  give  me  the  ______ 

PILOT:  The  overall  rating  I  will  just  review  it  again. 

It  is  certainly  controllable.  Is  adequate  performance  attainable  -  well  I’m 
going  against  the  grain  a  little  bit  -  I  think  it  is.  .If  I  had  to  fly  three 
or  four  approaches  I  think  I  could  do  it  but  I  may  be  fooling  myself  there  but 
anyway  I’m  going  to  stick  with  what  I  have  said.  Its  a  3. 
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FLIGHT  730 

CONFIGURATION*  6-1-1 

PILOT*  A 

DATE*  9/9/83 

HQ  RATING*  3 

PIO  RATING*  1 

PILOT:  First  evaluation  -  Just  some  general  comments  still  am  getting  orga¬ 
nized  getting  down  and  I  have  just  a  feeling  that  I  am  too  high  which  is  what 
we  are  trying  to  do  is  make  you  work  at  it  so  I  still  have  to  organize  myself 
and  get  a  little  more  active  on  the  controls  to  get  down  to  be  a  little  more 
comfortable  on  hitting  the  spot,  but  I  managed  to  catch  the  tail  end  of  it. 
So  I  think  it  was  controllable  -  I  could  achieve  desired  performance.  Is  it 
satisfactory  without  improvement  -  I  am  not  sure  about  that  at  this  point  so 
let  me  -  I  am  debating  a  3  and  4.  So  let  me  make  some  comments  and  we  will 
talk  about  the  specific  rating  at  the  end. 

The  feel  -  no  comments  there.  Sensitivity  displacements  were,  forces  displa¬ 
cements  were  satisfactory. 

Initial  response  -  was  good. 

Predictability  of  the  final  response  -  seemed  to  be  reasonable.  I  had  a 
little  tendency  to  float,  having  to  push  forward  to  get  on  the  ground,  that’s 
a  little  uncomfortable  although  I  didn’t  have  any  apprehension  about  doing  it. 

No  tendency  to  PIO.  Airspeed  control  was  satisfactory.  No  problem  inter¬ 
cepting,  well  we  didn’t  have  the  glideslope,  but  controlling  the  flight  path 
and  the  airspeed  on  approach. 

Flare  and  touchdown  -  a  little  tendency  to  float  which  required  getting  down 
on  in  a  continuous  fashion  with  the  stick  so  I  start  to  flare  then  I  have  to 
ease  off.  The  airplane  would  float  and  I  would  slowly  push  forward  with  I 
think  I  could  do  but  it’s  unnatural  for  me  but  I  was  a  little  apprehensive 
about  doing  it. 

The  approach  and  landing  -  no  great  distinction  there.  We  do  have  a  crosswind 
but  we  are  taking  it  out.  Turbulence  didn’t  bother  me  nor  did  minor  gusts. 

Good  feeling  -  I  did  have  a  good  feeling  of  predictability  about  the  airplane 
although  I  had  to  as  I  said  ease  it  onto  the  ground  by  some  forward  pressure 
on  the  stick,  but  overall  I  think  I  had  good  control  and  reviewing  it  in  the 
rating  I  certainly  can  do  the  job  and  I  think  I  can  achieve  desired  perfor¬ 
mance.  I  would  say  it  was  satisfactory  without  improvement,  mildly  unpleasant 
deficiencies  would  qualify,  I  would  like  to  use  my  learning  technique  to  land 
I  guess  and  so  I  would  give  it  a  3  rating. 
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The  PIO  rating  -  nothing  there,  I  would  give  it  a  1. 
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FLIGHT  730 

CONFIGURATION:  6-2-1 

PILOT:  A 

DATE:  9/9/83 

HQ  RATING:  3 

PIO  RATING:  1 

PILOT:  OK,  some  comments  on  the  second  configuration.  It  is  certainly 
controllable  I  can  get  the  job  done  in  terms  of  adequate  performance,  I  could 
not  achieve  desired  performance.  I  could  get  the  airplane  down  in  terms  of 
hitting  the  ground  in  good  order  but  I  couldn't  get  it  down  where  I  wanted  it 
so  I  think  I  have  deficiencies  that  warrant  improvement  and  I  would  right  now 
rate  it  a  5,  cause  I  could  only  achieve  adequate  performance. 

The  feel  -  nothing  in  the  roll  that  bothered  me.  I  did  have  a  sense  that  the 
airplane  was  heavy  in  pitch  and  that's  just  something  that  I  noticed. 

The  initial  response  seemed  alright  and  the  predictability,  it  just  seemed  a 
bit  on  the  sluggish  side  to  me.  The  principle  problem  was  down  close  to  the 
ground  I  just  couldn't  get  it  to  smoothly  continue  on,  control  the  sink  rate 
near  the  ground,  I  overshot  both  times  and  floated.  , 

No  tendency  to  overcontrol.  The  sensitivity  in  the  pitch  gearing  I  don't  have 
anything  that  I  would  identify  with  that,  that  I  would  change,  that  I  think 
would  improve  things. 

Airspeed  control  -  a  little  bit  shabby  near  the  end  I  was  trying  to  compensate 
a  little  bit  for  going  down  hill.  I  didn't  speed  up  going  down  hill  but  I  had 
a  little  feeling  of  imprecision  in  the  flight  path  control  consistent  with  not 
getting  down  where  I  wanted.  The  problem  was  tendency  to  float  -  no  tendency 
to  overcontrol  I  just  could  not  get  it  organized  to  get  down  on  the  ground. 
So  the  landing  was  more  difficult  than  the  approach.  Crosswind  was  there  a 
little  bit  but  it  wasn't  a  factor  in  affecting  my  pitch  control.  The  problem 
is  a  tendency  to  float  no  tendency  to  overcontrol  no  feeling  of  that  I  was 
going  to  have  a  problem  in  terms  of  managing  pitch  attitude  but  just  couldn’t 
get  it  down  where  I  wanted  so  I  am  going  to  stick  with  the  rating  that  I  gave 
it.  I  only  achieved  adequate  performance  but  I  don’t  think  it  was  any  worse 
than  a  5,  so  it’s  a  5  rating. 

PIO  rating  scale  -  I  would  give  it  no  undesirable  motions  so  I  would  like  to 
give  it  a  2  but  I  don't  see  any  reason  why  it  shouldn't  be  a  1  so  it's  a  one. 
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FLIGHT  730 

CONFIGURATION*  4-2-2 

PILOT*  A 

DATE:  9/9/83 

HQ  RATING*  2 

PIO  RATING*  1 

PILOT:  It  s  controllable.  I  certainly  could  do  the  job.  Adequate  perfor¬ 
mance  is  attainable.  It’s  satisfactory  without  improvement.  I  think  it  has 
no  deficiencies.  It’s  a  2. 

no  complaints  on  the  forces  -  displacements  -  harmony  was  good.  Pitch  and 
roll  sensitivity  well  matched.  The  pitch  was  responsive  and  predictable.  I 
tended  to  find  myself  flying  with  little  pulses  down  in  close  cause  I  could 
move  the  nose  and  stop  it  quite  rapidly.  Especially  on  the  first  approach  I 
found  myself  jerking  the  stick  a  little  bit.  But  I  had  good  control  and  that 
is  what  I  was  commenting.  I  had  very  easy  control  in  the  sense  of  getting  on 
down  from  the  initial  condition  of  the  offset.  It  just  seemed  like  the  whole 
approach,  I  had  good  sense  of  predictability  in  the  flight  path  control  and 
that  really  then  makes  you  come  out  and  be  able  to  hit  the  touchdown  zone  and 
perform  the  task  satisfactorily .  So  the  flare  and  touchdown  there  was  no 
problem,  no  tendency  to  float  I  could  put  the  airplane  down  and  land  it  when  I 
wanted  and  I  think  I  could  control  the  sink  rate  as  desired. 

Approach  and  landing  were  both  good  -  turbulence,  crosswinds  not  a  factor. 

Good  features  -  solid,  quick  control  in  pitch  and  I  would  not  change  the 
rating  so  it’s  a  2,  and  the  PIO  tendency  was  not  there  so  I  would  give  it  a  1. 


FIT  2 


FLIGHT 

731 

CONFIGURATION:  1-2-2 

PILOT: 

A 

DATE: 

9/9/83 

HQ  RATING:  8 

PIO  RATING: 

4 

PILOT:  Just  some  general  comments  -  you  have  more  turbulence  in  crosswind 

although  we  have  taken  out  most  of  the  crosswind  so  those  are  all  my  excuses. 

The  airplane  is  controllable  -  I  cannot  achieve  adequate  performance  I  just 
cannot  get  precise  near  the  ground  and  I  have  a  sense  of  overcontrolling  and 
small  PIO  although  I  don’t  see  big  attitudes  but  that  may  be  a  function  of  my 
visual  scene  out  here,  I  just  have  the  visual  sense  that  I  am  overcontrolling 
and  am  in  a  PIO,  at  least  the  first  part  of  one.  Can’t  be  precise  so  that  I 
think  it  has  major  deficiencies  and  I  would  debate  whether  it  is  a  7  or  an  8 
so  that  I  think  I  will  give  it  an  8  for  the  moment  and  then  I  will  give  my 
comments  here. 

The  feel  -  I  have  nothing  that  stands  out  there  in  terms  of  forces  or  displa¬ 
cements  . 

The  pitch  -  the  initial  respone  does  not  come  through  to  me  as  being  anything 
of  a  problem.  The  predictability  of  the  final  response  down  in  close  to  the 
ground  is  a  problem  and  it  was  not  predictable  I  could  not  control  the  atti¬ 
tude  in  the  sink  rate  close  to  the  ground.  I  think  I  had  a  higher  lateral 
task  a  little  hobbling  around  in  response  to  the  gusts  but  I  really  feel  that 
wasn’t  the  cause  of  my  problems. 

Tendency  to  PIO  near  the  ground  -  yes  didn’t  seem  to  diverge  or  I  wasn’t 
apprehensive  about  it  but  I  did  overcontrol. 

Airspeed  control  -  I  didn’t  notice  anything  special  there. 

Flight  path  corrections  close  to  the  ground  -  were  difficult  to  make  in  an 
orderly  fashion. 

Airspeed  control  -  I  don’t  remember  much  about  that. 

The  problems  in  the  flare  were  a  matter  of  controlling  the  sink  rate.  I  did 
in  the  course  of  trying  to  contend  with  the  pitch  go  right  on  by  the  landing 
area,  and  so  I  tended  to  float  because  I  couldn’t  get  things  under  control  I 
guess . 

Landing  -  was  more  difficult. 
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Turbulence  was  a  bit  of  a  factor  that  the  pitch  job  took  away  some  of  my  abi¬ 
lity  or  workload  capability  in  pitch,  in  an  airplane  where  I  needed  most  of 
it. 


The  problems  -  were  lack  of  precision  in  pitch  control  near  the  ground  and 
bleeding  over  into  control  of  sink  rate.  I  couldn,t  get  it  on  the  ground  in 
the  area  where  I  wanted  to  achieve  adequate  performance.  So  i'll  stick  with  a 
rating  of  8,  because  I  think  control  was  a  question  right  near  the  ground. 
When  I  entered  the  loop  tightly  near  the  ground  divergent  oscillations  -  no. 
It  does  cause  oscillation  yes.  Not  divergent  -  a  4  for  the  PIO  rating. 


FLIGHT  731 

CONFIGURATION:  3-2-4 

PILOT:  A 

DATE:  9/9/83 

HQ  RATING:  2| 

PIO  RATING:  1 

PILOT:  Two  approaches  interrupted  by  some  other  problems  and  the  last  one  was 
really  good,  the  first  one  was  a  good  touchdown,  not  quite  as  precise  as  the 
last  one  so  I  did  a  very  good  job  on  the  second  one. 

Controllable  -  I  could  achieve  desired  performance  so  I  would  rate  my  first 
one  a  3  and  the  second  one  a  2  so  I  fudge  it  just  slightly  and  give  a  for 
now. 

The  wheel  forces  in  doing  the  task  and  so  on  were  just  fine  if  I  fly  up-and- 
away  and  maneuver  rapidly  I  think  they  are  a  little  bit  heavy  but  as  I  fly  the 
airplane  as  we  are  doing  the  task  I  didn’t  notice  it  at  all. 

The  harmony  was  good. 

The  initial  response  -  was  OK. 

Predictability  -  was  outstanding  on  the  last  one  and  satisfactory  on  the  first 
one. 

Pitch  roll  harmony  -  was  good. 

No  tendency  to  PIO. 

Sensitivity  was  satisfactory. 

Airspeed  control  good. 

Flight  path  corrections  were  outstanding  on  the  last  one  an  OK  on  the  first 
one. 

Flare  and  touchdown  -  I  didn’t  really  -  I  had  to  put  the  airplane  on  the 
ground  in  other  words  I  can’t  just  smoothly  come  through  with  the  stick  and 
come  aft  and  throttle  off  and  come  on  down  it  kind  of  stops  there  and  I  just 
have  to  ease  it  a  little  bit  or  stop  pulling  back.  It  was  comfortable  doing 
that  I  didn’t  have  any  apprehension  about  pushing  forward  or  actually  stopping 
pulling  back.  A  little  bit  of  technique  than  I  am  used  to  in  standard  airpla¬ 
nes.  However,  you  could  do  it  with  good  precision. 

Approach  and  landing  -  were  equal  goodness. 
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Turbulence  -  we  got  some  today  as  we  mentioned,  didn’t  really  become  a  factor 
especially  on  that  last  one  -  crosswind  when  we  take  it  out,  no  problem. 

Good  features  -  good  confidence  in  being  able  to  put  the  airplane  on  the 
ground.  I  am  much  better  I  think  in  projecting  my  trajectory  going  from  right 
to  left  than  left  to  right.  I  always  feel  more  ahead  of  it  when  I  am  coming 
from  the  right  to  the  left,  it’s  fairly  natural  I  guess. 

The  rating  I  think  on  the  basis  of  what  I  saw  -  I  think  i’ll  stick  with  what  I 
said  with  2~. 

no  oscillations  caused  -  no  undesirable  motions.  I  would  give  it  a  1  on  the 
PIO  scale. 
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FLIGHT  734 

CONFIGURATION*  4-2-2 

PILOT*  B 

DATE;  9/13/83 

HQ  RATING*  3 

PIO  RATING*  1 

PILOT;  It  seemed  like  there  was  some  looseness  in  pitch,  that  is,  I  was 
stirring  the  column  around  hunting  for  an  input  to  move  the  nose  where  I 
wanted  it  to  go  but  I  liked  the  configuration  reasonably  well  I  thought  I 
could  make  the  airplane  go  pretty  much  where  I  wanted  it  to  go  it’s  just  that 
it  took  a  little  iterative  dithering  with  the  stick  at  first  to  get  it  moving 
in  the  right  direction  but  I  thought  the  amount  of  control  I  had  was  relati¬ 
vely  good  after  I  sorted  that  out  shortly  after  making  that  high  dip  and  felt 
I  could  put  it  pretty  much  where  I  wanted  it,  to  put  it  on  the  runway. 

I  liked  that  configuration  I  don’t  really  think  there  was  an  excessive  amount 
of  looseness  in  pitch,  I  could  put  the  airplane  pretty  much  where  I  wanted  it 
to  go  and  I  did  notice  a  little  bit  of  a  tendency  to  stay  fast  in  the  middle 
of  the  approach  but  in  general  I  liked  it  and  I’d  give  that  a  3. 

BERTHE;  Any  PIO  rating  on  it? 

PILOT;  No,  I  didn’t  really  get  any  undesirable  motions  out  of  it.  Well,  if 
we  rated  it  I  guess  we  would  give  it  a  1. 
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FLIGHT  734 

CONFIGURATION*  4-1-1 

PILOT*  B 

DATE*  9/13/83 

HQ  RATING*  5 

PIO  RATING*  1 

I  noticed  the  lack  of  ability  to  control  the  flight  path  angle  very 
precisely,  I  d  be  a  little  bit  high  and  in  fairly  close  I’d  get  low  and  then 
flatten  out  and  fly  along  not  knowing  if  I  was  really  going  to  be  able  to  put 
it  down  where  I  wanted  to  touchdown  the  runway  or  not  so  the  primary 
impression  was  one  of  not  having  as  good  a  control  of  flight  path  angle  as  I 
like.  I  notice  that  for  pitch  changes  it  didn’t  overshoot  on  the  first  con¬ 
figuration.  Closed  loop  tried  to  move  to  a  new  pitch  attitude,  hold  it  there 
was  a  half  a  cycle  overshoot,  didn’t  have  it  this  time  but  again  the  main 
problem  was  trying  to  predict  and  to  control  glide  path  angle.  I  noticed  in 
making  speed  changes  in  this  configuration  it  seemed  as  if  I  had  to  hold 
pressure  on  the  column  longer  to  affect  the  attitude  change  which  would  give 
me  a  speed  change  that  I  had  with  some  of  the  other  configurations  I  had  to 
hold  pressure  on  the  stick  longer  to  make  those  changes. 

I  would  give  that  a  5  on  the  Cooper-Harper  scale  and  PIO  rating  even  though  I 
got  into  a  lateral  one  there.  I  didn’t  have  any  problem  with  pitch  and  I  will 
make  that  a  1  on  the  PIO  scale. 
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FLIGHT  734 

CONFIGURATION:  4-1-1 

PILOT: 

B 

DATE:  9/13/83 

HQ  RATING:  7 

PIO  RATING: 

3 

PILOT:  First  one  sank  in  close  and  had  to  put  in  a  nose  up  input  of  pretty 
Dig  magnitude  to  disconnect  it.  I  wasn’t  disconnected  so  soon,  I  don’t  know 
if  it  would  have  become  a  PIO  or  not,  at  least  it  was  an  undesirable  motion  of 
the  airplane  that  I  was  trying  to  correct  for.  How  oscillatory  it  would  have 
been  I  don’t  know,  I  guess  you  do. 

At  any  rate  the  first  one  I  would  have  to  lean  toward  a  7  there  because  I 
wasn’t  able  to  make  a  touchdown.  On  the  second  one  I  felt  that  it  was  sort  of 
unpredictable  about  where  I  was  going  to  land  and  I  left  the  power  on  a  little 
bit  too  long  and  I  ended  up  floating,  kind  of  leveled  over  the  runway  kind  of 
landed  long  and  I  couldn’t  really  tell  what  to  do  to  make  it  go  where  I  wanted 
to  go  on  the  end  of  touchdown  for  lack  of  predictability  there.  So  based  -the 
first  one  the  fact  that  we  disconnected  for  safety  reasons  I  don’t  really  know 
what  happened  had  we  gone  any  further  is  going  to  make  me  weight  this  in  favor 
of  a  6  rather  than  a  7  because  I’m  not  sure  had  I  gone  longer  whether  I  would 
have  been  able  to  touchdown  in  the  touchdown  zone  without  being  oscillatory  or 
not. 


FLIGHT  734 

CONFIGURATION*  3-1-3 

PILOT: 

B 

DATE:  9/13/83 

HQ  RATING:  6 

PIO  RATING: 

3 

PILOT:  On  this  configuration  the  impression  I  get  is  that  it’s  not  so  much  it 
doesn’t  overshoot  in  a  very  rapid  manner.  I  will  make  a  pitch  input  pitch 
attitude  and  it  looks  like  it’s  going  where  I  want  to  go  and  then  it  will  gra¬ 
dually  creep  up  as  if  there  is  a  real  low  pitch  rate  after  I  think  that  I  have 
stopped  it  and  it  will  creep  from  where  I  wanted  it  to  be.  On  that  con¬ 
figuration  it  felt  like  I  had  relatively  poor  h  control  when  I  got  down  close 
to  the  flare  and  hence  flight  path  control  in  close  was  bad,  I  didn’t  have  a 
PIO  tendency  but  I  get  down,  1  get  flat  and  level  off  and  fly  along  for  some 
period  of  time  I  couldn’t  quite  modulate,  I  couldn’t  modulate  the  h  to  make  it 
land  where  I  wanted  it  to,  it  may  have  something  to  do  with  this  apparent 
error  that  builds  up  after  I  think  I  have  made  an  input,  gotten  it  about  where 
I  want  it  then  it  tends  to  drift  away,  it’s  a  nose  up  input  it  tends  to  drift 
further  nose  up.  Or  vice-versa. 

Pilot  rating  -  You  have  a  rating  of  6. 
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FLIGHT  735 

CONFIGURATION*  7-1-4 

PILOT*  A 

DATE:  9/13/83 

HQ  RATING:  3 

PIO  RATING*  1 

PILOT:  Just  a  quick  run  through  the  rating  scale.  I  think  it’s  controllable 
-I  could  achieve  adequate  performance  in  fact  I  could  have  achieved  desired 
performance  so  I  think  it’s  satisfactory  without  improvement.  I  did  think  it 
was  a  little  heavy  in  pitch.  I  couldn’t  be  really  continuous  with  the  control 
near  the  end,  I  had  to  pulse  it  but  I  felt  like  I  could  be  accurate  with  it, 
so  I  would  give  it  a  3. 

The  feel  forces  -  I  noticed  right  from  the  time  that  I  got  the  airplane  it 
seemed  to  have  a  nose  down  out  of  trim  and  throughout  the  coming  around  the 
corner  I  was  having  to  trim  aft,  so  the  forces  felt  just  a  little  on  the  heavy 
side. 

Displacements  I  didn’t  notice. 

Harmony  was  not  great,  I  guess  because  I  noticed  the  pitch. 

Initial  and  final  response  -  I  have  no  complaints  about. 

Special  pilot  inputs  -  I  tended  to  pulse  the  airplane  to  get  the  curvature  in 
the  flight  path  that  I  wanted  but  I  could  do  it  with  good  predictability. 

Airspeed  control  was  good. 

Flight  path  corrections  -  were  predictable.  No  problems  with  the  flare. 

Touchdown-  -  on  the  first  one  a  little  harder  than  I  would  have  liked  but 
within  desired  parameters.  The  second  one  was  better. 

Approach  and  landing  -  nothing  really  to  choose  there. 

No  turbulence,  noted  we  did  not  have  a  gust  on  the  second  approach  but  I  don’t 
think  that’s  an  eliminating  problem. 

Good  features  -  it  was  positive,  slightly  on  the  heavy  side  but  predictable. 

Rating  -  I  would  stick  with  a  3.  The  difference  from  being  without  complaint 
would  be  the  pitch  forces. 

PIO  tendency  -  I  didn’t  see  any  so  it  was  a  1. 


FLIGHT  735 

CONFIGURATION*  2-2-2 

PILOT: 

A 

DATE*  9/13/83 

HQ  RATING*  4± 

2 

PIO  RATING* 

2 

PILOT:  Second  configuration  -  it’s  controllable  I  could  achieve  adequate  per¬ 
formance  and  I  did  in  fact  achieve  desired  performance  but  I  wasn’t  entirely 
happy  with  it  so  right  now  I  am  going  to  say  it’s  satisfactory  without  im¬ 
provement  because  I  really  was  kind  of  flying  open  loop  near  the  end  I  had 

just  a  touch  of  apprehension  about  the  airplane  but  I  can’t  totally  explain 
but  I  really  couldn’t  get  the  touchdowns.  I  could  get  the  position  pretty 
well  organized  but  the  sink  rate  was  not  good.  I  couldn’t  be  continuous  and 
hit  the  spot  as  well  as  the  sink  rate  so  I  right  now  I  am  thinking  of  a  4  or  5 
and  I  will  review  it  again. 

The  feel  -  I  didn’t  notice  anything  there  -  the  force  or  displacements. 

Initial  response  -  .it  seemed  satisfactory.  I  had  a  feeling  that  the  final 
response  was  just  a  little  on  the  unpredictable  side  it  tended  to  float  up. 

Special  pilot  inputs  -  I  don’t  have  anything  that  I  could  describe. 

Airspeed  control  was  OK. 

Glideslope  flight  path  corrections  were  OK  right  until  the  very  end  when  the 
last  correction  I  would  never  make  it  quite  right  and  would  hit  a  little 

harder  than  I  expected  or  wanted  to.  So  the  touchdown  precision  was  not  quite 

up  to  the  mark. 

Unusual  motions  -  none. 

Techniques  -  I  tended  to  not  want  to  get  involved  with  the  control  in  close  so 
I  think  that  resulted  in  some  harder  not  real  touchdowns  but  harder  than  I 
wanted. 

The  landing  was  more  difficult  -  crosswinds  turbulence  were  not  a  factor. 

Reviewing  the  rating  then  I  am  going  to  say  that  I  could  have  achieved  desired 
performance  and  it’s  somewhere  between  a  4  and  a  5  so  I  will  just  give  it  a  4-± 
to  express  that.  2 

PIO  rating  -  I  didn  t  see  any  oscillations  I  did  see  some  desirable  motions  in 
the  sense  that  I  didn  t  get  the  response  that  I  wanted  to  I  will  just  reflect 
by  saying  that  I  give  it  a  2. 


FLIGHT  735 

CONFIGURATION:  1-1-1 

PILOT: 

A 

DATE*  9/13/83 

HQ  RATING:  5 

PIO  RATING: 

2 

PILOT:  It’s  the  comments  to  the  third  configuration.  It  kind  of  reminded  me 
of  the  last  one  a  little  bit  in  some  ways. 

It  s  controllable  -  I  think  I  could  achieve  adequate  performance  and  I  could 
hit  it  in  the  desired  area  but  I  don’t  think  I  could  do  it  the  way  I  wanted. 
So  I  don  t  think  my  touchdowns  were  desired  although  maybe  they  were  border¬ 
line  on  the  3  ft/sec  but  I  really  am  sacrificing  the  sink  rate  for  getting  the 
desired  touchdown  zone  because  I  really  am  not  really  controlling  it  as  well 
as  I  would  like  so  I  will  be  dealing  with  the  same  kind  of  ratings  4  or  5.  So 
I  will  make  some  comments  and  then  review  it. 

Forces  displacements  -  nothing  noticed  there. 

No  comments  on  the  sensitivities. 

The  initial  response  -  I  don’t  have  anything  to  say  there.  I  did  feel  on  the 
first  approach  that  I  had  a  sort  of  a  high  frequency  tendency  to  overcontrol 
very  subtle,  I  just  had  a  little  feeling  of  apprehension  which  I  didn’t  really 
see  much  of  a  problem  but  I  think  that  is  what  made  me  back  out  of  it  just  a 
little  bit  at  the  end  and  that  resulted  in  higher  sink  rate  than  I  think  I 
should  achieve  but  in  any  event  -  Airspeed  was  OK. 

Flight  path  corrections  could  be  done  -  no  problem  initiating  the  flare. 

Touchdown  -  I  just  hit  a  little  harder  than  I  wanted  whether  that  is  technique 
or  the  airplane  I  don’t  know  so  I  have  already  said  what  I  wanted  to  say  about 
that. 

The  landing  was  slightly  more  difficult  -  no  effects  of  turbulence  I  did 
notice  the  gusts  that  time  that  upset  my  trajectory.  Nothing  really  bad  with 
the  airplane  but  I  didn  t  really  feel  that  it  was  as  good  as  the  ones  I  have 
seen  where  I  am  able  to  coordinate  better.  So  I  think  it  is  satisfactory,  I 
got  desired  performance  in  terms  of  touchdown  but  not  in  terms  of,  well  it’s 
borderline  on  sink  rate  so  I  am  going  to  say  it’s  a  5  on  that  basis. 

The  PIG  rating  -  is  not  so  much  undesirable  motions  tend  to  occur  I  don’t 
think  the  task  was  compromised  I  just  had  a  feeling  that  I  was  going  to  not 
get  quite  the  response  that  I  wanted  so  I  will  give  it  a  2  to  reflect  that. 
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FLIGHT  735 

CONFIGURATION:  4-1-1 

PILOT:  A 

DATE:  9/13/83 

HQ  RATING:  2| 

PIO  RATING:  1 

PILOT:  Comments  for  the  fourth  and  final  configuration.  It’s  controllable,  I 
could  achieve  accurate  performance  and  I  did  in  fact  achieve  desired  perfor¬ 
mance.  I  could  get  the  airplane  down  where  I  wanted,  I  just  felt  that  I  had 
to  pulse  the  airplane  a  little  bit,  in  fact  all  of  them  seem  to  be  that  way 
but  l’m  making  little  pulses  to  kind  of  jab  the  flight  path  around.  The 

airplane  felt  pretty  solid  and  I  would  have  to  say  that  _ .  Right  now 

I  would  give  it  a  2,  I  will  have  to  think  about  that  a  little  more. 

The  forces  displacements  -  harmony  -  no  problem. 

Initial  response  -  seemed  adequate,  satisfactory. 

Final  response  -  seemed  predictable.  Harmony  was  not  a  problem. 

The  only  special  techniques  -  I  tended  to  be  pulsing  the  stick  back  and  forth 
in  a  random  fashion  trying  to  curb  the  flight  path,  it’s  not  a  continuous 
motion.  So  the  approach  performance  flight  path  corrections  could  be.  made 
with  good  precision. 

Flare  and  touchdown  -  the  problems  with  the  flare  and  touchdown,  I  just  don't 
think  I  have  the  kind  of  control  over  the  sink  rate  right  near  the  end  that  I 
have  seen  although  the  last  touchdown  I  thought  was  pretty  good.  I  had  a 
little  bit  nose  up  attitude,  it  felt  a  little  bit  more  like  I  was  landing  the 
airplane  and  not  going  for  the  deck  at  the  last  second  to  try  and  hit  the 
spot . 

Approach  and  landing  -  no  distinction  there.  We  did  have  the  first  landing  a 
little  bit  of  a  residual  crosswind  I  did  not  get  out  of  there  and  we  landed 
with  a  slight  crab  which  jolted  the  whole  airplane  a  little  more  than  just  the 
sink  rate. 

Good  features  -  I  could  get  the  job  done,  I  really  think  I  have  seen  better 
airplanes  in  my  travels  so  far.  I  think  it  was  a  good  airplane,  could  achieve 
the  desired  performance.  It’s  certainly  satisfactory  without  improvement. 
I  m  just  going  to  give  it  a  2|  on  the  basis  that  I  think  I  have  done  better 
with  some  others.  So  it’s  a  2|  that  I  would  give  on  the  rating  I  don’t  think 
I  saw  any  undesirable  motions  -so  I  would  give  it  a  1  on  the  PIO  scale. 
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FLIGHT  736 

CONFIGURATION:  2-2-2 

PILOT: 

B 

DATE:  9/14/83 

HQ  RATING:  3 

PIO  RATING: 

2 

PILOT:  Comments  on  first  configuration.  The  pitch  response  to  a  step  is 
damped  but  takes  a  number  of  column  iterations  to  make  a  pitch  pull  to  a  par¬ 
ticular  point  and  it’s  rather  sloppy  in  that  respect. 

I  was  conscious  on  that  run  of  not  being  aware  the  sink  rate  was  the  size  it 
was,  sorry  about  that. 

BERTHE:  I  think  we  hit  a  little  bit  sideways,  that  was  part  of  it. 

PILOT:  As  far  as  feel  the  displacements  forces,  harmony  OK. 

Response  to  the  input  -  initial  response  was  a  little  slow  and  there  was 
little  difficulty  and  predictability  of  the  final  response  but  not  excessive. 

No  special  pilot  input. 

Slight  tendency  to  PIO. 

Airspeed  control  OK. 

Performance  -  I  have  forgotten  what  the  gouge  is  it  the  cable,  the  cable  I 
guess  is  the  minimum  part  minimum  end  of  the  touchdown. 

With  the  flare  -  I  didn’t  perceive  that  I  was  going  to  touch  down  hard  until 
we  touched  down.  I  didn’t  have  excessive  problem  with  that  except  for  the 
fact  that  my  perception  wasn’t  good.  Crosswinds  may  have  had  some  influence 
on  the  touchdown  rate.  For  the  scale  -  it  is  controllable,  performance  was 
adequate.  I  m  going  to  make  some  comments  now  so  I  can  go  back  and  compare 
them  to  the  second  run.  It  is  satisfactory  without  improvement  and  give  it  a 
3  and  i’ll  compare  that  to  the  next  run  and  then  give  it  an  overall  con¬ 
figuration  rating. 

Run  2  Configuration  1:  This  configuration  appears  to  have  Phi  square  term  in 
it  that  helps  around  the  turn  I  don’t  know  if  it  does  or  not  but  I  don’t  have 
to  pull  on  it  to  get  it  around  the  turn.  There’s  no  tendency  to  have  to  push 
it  down  to  continue  around  the  turn  inspite  of  the  fact  that  I  didn’t  have  to 
pull  into  the  turn  it  seems  to  be  a  pretty  good  mixture  not  having  to  pull.  I 
leveled  out  and  was  flying  into  the  touchdown  zone  and  landed  a  little  bit 
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long.  Only  a  very  slight  tendency  to  PIO.  I  had  to  hunt  for  the  ground  but  I 
think  that  was  due  to  my  recalibrating  depth  perception.  I  felt  like  the  con¬ 
figuration  was  generally  pretty  controllable. 

Same  comments  in  general  on  the  feel  response.  Again  a  slight  tendency  to 
PIO. 

The  flare  and  touchdown  again,  trying  to  get  the  h  I  ended  up  leveling  off,  I 
liked  the  configuration  inspite  of  that.  I  think  some  of  it’s  due  to  my  depth 
perception  trying  to  avoid  landing  long.  Touchdown  point  a  little  long. 
Other  factors  OK. 

Going  back  through  the  handling  qualities  scale  again. 

I  think  it’s  satisfactory  without  improvement.  The  fact  that  I  seem  to  be  not 
able  to  quite  get  the  final  h  control  right  I  am  going  to  attribute  it  partly 
to  the  airplane  and  partly  to  me  and  l’m  going  to  call  that  a  3. 

The  PIO  scale  -  there  are  some  very  slight  undesirable  motions  and  l’m  going 
to  and  as  I  dither  with  the  stick  trying  to  get  it  to  stabilize  and  get  it 
where  I  want  it  and  l’m  going  to  call  that  a  2. 

BERTHE:  Comment  is  I  think  you  are  blaming  yourself  when  I  think  you  should 
be  blaming  the  airplane.  And  here  is  a  case  where  you  got  adequate  perfor¬ 
mance  but  you  called  it  a  desired  airplane.  Just  pointing  that  out. 

I  will  think  that  over.  First  touchdown  was  hard  but  the  position  was 
OK,  is  that  correct?  The  second  was  easy  but  it  was  long  -  well  I  will  keep 
that  in  mind  and  re-think  that  after  this  next  configuration. 
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FLIGHT  736 

CONFIGURATION:  5-2-2 

PILOT: 

B 

DATE:  9/14/83 

HQ  RATING:  3 

PIO  RATING: 

1 

PILOT:  This  is  the  second  configuration  flight  736.  I  handled  her  fast  I’m 
showing  a  153  -  OK  instrument  power  is  back  on,  we  are  slow. 

On  the  third  one  of  the  second  configuration  of  the  day  you  had  a  tendency  to 
get  a  little  low  in  the  middle  and  stay  low  in  close,  the  tochdown  sink  rate 
lineup  appeared  to  be  OK. 

On  this  configuration  I’m  not  having  to  make  as  many  errors  of  inputs  to  pull 
to  a  new  pitch  attitude  and  hold  it  the  open  loop  steps  seems  to  be  dead  beat 
to  the  new  pitch  attitude. 

On  this  configuration  I’m  also  not  conscious  of  having  any  particular  amount 
of  pull  force  in  the  turn  or  push  force  to  get  started  down,  it’s  a  good 
blend.  On  the  second  configuration  I  liked  that  one,  still  I  did  have  a  ten¬ 
dency  to  get  low  in  the  middle  and  then  level  off  but  I  didn’t  feel  like  I  was 
hunting  for  the  runway  quite  as  much  as  I  was  in  the  first  configuration. 

The  wheel  forces  and  displacements  were  good. 

Initial  response  -  was  reasonably  good. 

Predictability  -  in  the  flare  there  is  still  a  little  uncertainty  about 
controlling  h  but  in  general  pretty  good  -  no  particular  special  pilot  inputs 
didn’t  notice  a  tendency  to  PIO. 

Performance  -  I  think  that  was  desired. 

Flare  and  touchdown  -  a  little  tendency  to  level  off  and  get  flat  in  the  flare 
phase.  A  little  floating  in  flare. 

Airspeed  control  was  no  problem. 

No  unusual  motions  or  control  techniques. 

PIO  rating  of  1.  I  didn’t  notice  any  undesired  motions. 

Through  the  Cooper-Harper  scale  -  I  think  it  goes  up  to  the  satisfactory  to 
the  first  block  of  numbers  and  because  I  did  have  a  tendency  to  get  flat  in 
the  middle  and  then  have  to  hunt  for  the  touchdown  zone  I’m  going  to  give  that 
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a  3.  I  didn’t  think  I  had  more  than  a  minimal  amount  of  effort  to  get  in  the 
desired  zone.  If  I  had  wanted  to  get  tighter  than  what  we  required  then  it 
might  have  been  different  but  for  this  task  I  think  it  was  a  3. 
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FLIGHT  73 6 

CONFIGURATION:  1-3-7 

PILOT:  B 

DATE:  9/14/83 

HQ  RATING:  7 

PIO  RATING:  4 

PILOT:  On  approach  I  got  low  in-close,  flat,  I  had  to  push  over  to  get  it  on 
the  ground.  I  ended  up  with  too  high  a  sink  rate  and  I  was  a  little  bit  leary 
about  putting  in  a  last  minute  input  to  try  and  correct  that  sink  rate  so  I 
didn’t  really  like  that  much.  The  primary  undesirable  portion  of  the  task 
being  in  the  flare.  Shahan  what  did  you  put  on  that?  (Shahan  -  desired 
touchdown).  The  sink  rate  at  touchdown  was  maybe  on  the  high  side  of  the 
desired  scale,  it  was  higher  than  what  I  had  intended  and  due  to  the  fact  that 
I  was  pushing  forward  to  try  to  get  it  on  the  ground  and  when  I  saw  that  I  had 
overdone  it  a  little  bit  I  didn’t  want  to  put  in  a  last  minute  input  and  try 
to  salvage  it  so  the  predictability  there  was  in  the  flare  and  correcting  for 
the  excessive  nose  down  was  a  factor.  On  that  configuration  I  can  pull  to  a 
new  Delta/Theta  and  have  to  dither  less  with  the  column  to  stabilize  on  it. 
When  I  make  an  open  loop  step  there  is  overshoot  and  residual  motion  after  the 
step  is  completed  it’s  not  deadbeat  like  the  other  configurations  were.  Okay, 
we  aborted  that  one,  ran  into  a  PIO  trying  to  make  sure  that  I  got  the  desired 
sink  rate  so  it  kind  of  confirmed  what  my  rationale  for  not  screwing  with  the 
fine  control  on  the  last  approach. 

I’m  going  to  go  to  the  PIO  scale  first  and  I  will  say  that  it  causes  oscilla¬ 
tions,  divergent  we  don’t  know,  I  will  give  it  a  4  on  the  PIO  scale. 

Feel  or  displacement  forces  were  OK. 

Response  to  inputs  -  the  predictability  of  the  final  response  is  not  good  and 
leading  to  a  PIO.  In  fact,  even  the  initial  response  went  up  high  again, 
tended  to  be  a  little  surprising  initial  and  final. 

The  pitch  roll  harmony  is  OK. 

Special  inputs  -  getting  out  of  the  loop  down  in  the  flare  was  a  type  of  a 
special  non-input. 

The  approach  performance  and  airspeed  control  was  satisfactory. 

The  flare  and  touchdown  -  the  flare  maneuver  was  obviously  the  critical  point 
in  both  approaches.  It  wasn’t  adequate  since  we  had  to  disengage  on  the  last 
one.  The  unusual  motions  were  the  PIO.  Control  techniques  were  the  staying 
out  of  the  loop  on  the  first  approach. 
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The  Cooper-Harper  scale  -  here  we  didn’t  have  adequate  performance  because  we 
had  to  disengage  so  we  had  to  branch  off  there  to  adequate  performance  not 
attainable  with  maximum  pilot  compensation  in  the  flare  and  you  have  got  a  7. 
The  reason  being  the  requirements  to  stay  out  of  the  loop  largely  in  the  flare 
maneuver  to  keep  from  generating  a  PIO. 

PARRAG:  OK,  was  controllability  ever  a  question? 

PILOT:  That  gets  back  to  yesterday’s  discussion.  Controllability  in  terms  of 
catastrophic  damage  is  something  that  I  don’t  know  since  we  didn’t  leave  it 
engaged  for  long.  If  it  was  a  little  more  clear  that  the  PIO  was  going  to  be 
lost  in  amplitude  and  divergent  then  perhaps  it  would  be  convenient  to  go 
around  so  I  think  I  want  to  leave  it  at  a  7  for  right  now.  We  can  discuss 
that  a  little  more  later. 
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FLIGHT  736 

CONFIGURATION:  6-1-1 

PILOT: 

B 

DATE:  9/14/83 

HQ  RATING:  6 

PIO  RATING: 

3 

PILOT:  The  first  run  of  configuration  4  was  an  abort  due  to  possible  flap 
mispositioning.  This  configuration  feels  more  sensitive  in  pitch  in  that  I 
don’t  seem  to  be  able  to  get  more  response  for  a  smaller  input  so  it’s  relati¬ 
vely  deadbeat  in  its  step  open  loop  response  and  doesn’t  require  a  whole  lot 
of  dithering  to  stabilize  on  our  new  Theta,  i’ll  take  that  back,  it  does 
require  moderate  amount  of  dithering  to  get  it  stabilized. 

I  had  the  sensation  of  starting  a  PIO  but  didn’t  really  develop  because  I  sort 
of  got  out  of  the  loop.  I  got  deceled  and  just  happened  to  make  about  the 
right  power  change  but  again  that  was  just  one  data  point.  I  don’t  think  I 
could  repeat  that.  So  I  am  very  skeptical  of  what  I  saw  based  on  performance. 
I  think  this  next  approach  will  sort  it  out  a  little  better. 

Power  changes  too  in  near  close  trying  to  correct  for  the  slow  that  it  built 
up  and  I’m  not  quite  sure  how  I  got  into  that  real  slow  situation,  it  really 
degenerated  at  some  point  without  my  realizing  it  until  about  the  time  you 
called  and  knowing,  I  wasn’t  looking  at  the  airspeed  indicator  then,  but  I  got 
the  feeling  that  the  airplane  was  rotating  or  settling  one  or  the  other  I’m 
not  sure  which.  Anyway  the  airspeed  control  was  lousy.  And  the  base  turn  the 
airspeed  control  didn’t  seem  to  be  as  free,  seemed  to  be  more  requiring  of 
inputs  and  attention  than  it  had  been  with  some  of  the  earlier  configurations. 

Again  that  was  a  large  element  of  luck  and  that  approach  felt  like  I  was 
having  to  suppress  a  pitch  oscillation  and  then  stay  out  of  the  loop  down 
close  in  the  flare.  I  don’t  think  performance  really  reflected  it  very 
directly,  what  I  saw. 

The  wheel  forces  displacements  OK. 

Harmony  OK. 

Pitch  sensitivity  was  somewhat,  well,  the  response  to  pitch  inputs  seemed  to 
be  greater  in  that  configuration  than  it  did  in  the  earlier  configurations. 
There  was  a  fair  amount  of  iteration  necessary  to  stabilize  on  a  new  pitch 
attitude  a  moderate  amount.  There  was  a  tendency  to  PIO  due  to  the  sen¬ 
sitivity  of  the  pitch  response  and  I’m  going  to  say  it  is  somewhere  between 
PIO  3  and  a  4  -  let  me  think  that  out  for  a  minute.  Definitely  there  was  a 
compromise  on  task  performance  because  it. made  me  want  to  stay  out  of  the  loop 
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so  there  were  undesirable  motions  and  I’m  a  little  bit  torn  between  a  3  and  a 
4  there.  Lets  give  it  a  3  for  right  now  on  the  PIO  scale. 

Airspeed  control  again  was  poor,  I  was  decelerating  there  agaian  when  I  didn’t 
intend  to  be  and  didn’t  realize  that  I  should  be  in  the  middle  part  of  the 
final.  So  airspeed  control  was  not  too  good. 

Flare  and  touchdown  again  when  I  got  in  close  I  got  a  little  flat,  floated  and 
I  had  to  get  out  of  the  loop  to  keep  from  screwing  it  up. 

PARRAG:  Was  that  3  or  4  on  PIO  rating  or 

PILOT:  I’m  going  to  call  it  a  3  right  now.  Adequate  performance  out  of  it 
but  I*m  torn  between  a  5  and  a  6  here.  There  is  extensive  compensation  to  the 
in  that  I  definitely  had  to  get  out  of  the  loop.  I  think  I’m  going  to  call 
that  a  6.  Because  of  the  pitch  sensitivity. 

BERTHE:  This  last  one  was  a  complete  bust.  OK,  lets  go  with  this  one. 
SARRAFIAN:  Do  you  know  which  one  we  did  have  on  of  those  three. 

BERTHE:  Okay,  let’s  disengage. 
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FLIGHT  736 

CONFIGURATION:  6-2-1 

PILOT: 

B 

DATE:  9/14/83 

HQ  RATING:  2 

PIO  RATING: 

1 

PILOT:  Configuration  5  coming  up.  I  haive  the  airplane  now.  Cancel  our  com¬ 
ments  on  configuration  4.  It  appears  that  I  am  having  to  push  quite  a  bit  to 
get  it  back  to  the  right  speed.  I  have  to  push  a  lot  to  get  it  started  down 
hill.  On  the  open  loop  steps  there  is. 

I  am  getting  the  impression  of  having  to  pull  and  push  a  lot  more  force  on  the 
colummn  to  make  corrections  than  I  was  before  going  into  the  turn  and 
corrected  for  altitude  errors  as  well  as  rolling  into  the  turn.  Okay,  I  was 
reluctant  in  that  case  to  apply  as  much  force  as  I  found  was  necessary  to 
change  the  aircraft  pitch  attitude  and  sink  rate  and  therefore  I  was  behind. 
I  got  a  sag  in  close,  leveled  out  considerably  and  floated  and  managed  to  let 
it  settle  down  but  same  heaviness  in  forces  was  evident  through  the  entire 
approach  and  not  I  didn’t  find  myself  accustomed  to  applying  these  deflections 
in  forces  to  make  the  airplane  do  what  I  wanted  it  to  do  so  performance  suf¬ 
fered.  The  second  sample  of  configuration  5  with  Kc  twice  the  value  of  the 
first  one.  Open  loop  step  there  is  a  considerable  amount  at  least  another 
half  cycle  after  the  step  is  released  half  to  three-quarters  of  a  cycle.  I 
tried  to  pull  to  a  new  pitch  attitude  and  hold  it  there  is  a  considerable 
amount  of  oscillation  and  tried  to  control  it. 

It  feels  as  though  it’s  not  as  heavy  as  it  was  and  I’m  not  having  to  manipu¬ 
late  the  controls  as  much  as  I  was  before. 

I  think  this  is  going  to  be  one  that  I  can  PIO  if  I’m  not  pretty  careful  on 
judging  from  my  trying  to  close  the  loop  on  my  DeltaAheta. 

BERTHE:  Don’t  prejudge  it,  sometines  you  get  fooled  by  those  things. 

PILOT:  OK  on  that  one  I  had  a  lot  of  sink  in  close.  I  had  to  put  on  a  lot  of 
power  and  pull  it  off  as  it  turned  out.  It  didn’t  seem  to  be  too  oscillatory 
once  I  got  the  power  adjusted  and  readjusted  to  correct  for  the  sink  in  close 
I  seemed  to  get  back  up  to  about  where  I  needed  to  be  and  then  from  that  point 
on  the  flare  was  relatively  easy  and  I’m  anxious  to  see  another  one  to  see 
what  the  glidepath  up  to  the  flare  is  like  and  then  afterwards.  The  control 
forces  were  still  a  little  heavier  than  some  of  the  earlier  configurations  but 
they  weren’t  excessively  heavy  before  the  gain  was  readjusted.  So  I  found 
them  to  be  certainly  acceptable.  I  got  a  little  worried  there  when  I  got  low 
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in  close  to  the  flare  that  I  wasn’t  going  to  be  able  to  pull  that  out  but  I 
think  I  just  happen  to  be  lucky  on  the  power  adjustments.  It  felt  there  for  a 
while  that  I  wasn’t  really  going  to  be  in  control  of  the  situation  and  if  I 
had  to  repeat  it  a  number  of  times  I  might  not  be,  I  might  have  just  made  some 
unfortunate  choices  of  power  there  but  the  actual  flare  maneuver  after  that 
part  didn’t  seem  to  be  difficult. 

I  liked  that  configuration  and  as  a  matter  of  fact  it  didn’t  -  the  fact  that 
it  was  a  little  oscillatory  in  making  pitch  steps  didn’t  seem  to  enter  into  it 
so  characteristics  on  actual  flare,  I  thought  flare  control  was  probably 
better  than  anything  else  I  have  flown  today.  I  would  say  we  got  feel.  Feel 
forces  and  displacements.  The  forces  were  a  little  high  even  with  that  gain 
setting  they  weren  t  pleasantly  so.  I  was  still  pulling  and  pushing  a  little 
bit  more  than  I  was  conscious  of  it.  A  little  higher  than  what  many  of  the 
other  configurations  had.  As  a  result  at  times  my  airspeed  deviated  a  little 
bit  because  I  wasn’t  quite  as  much  on  top  of  it  pulling  to  push  to  control  the 
airspeed.  The  pitch  response  I  thought  was  good. 

Predictability  was  pretty  good.  It’s  the  first  configuration  I  have  flown 
today  where  I  felt  like  I  could  really  control  the  h  in  the  flare. 

Pitch  roll  harmony  was  OK. 

Special  pilot  inputs  -  none. 

PIO  -  I  didn’t  feel  that  I  had  any  PIO. 

Sensitivity  was  good. 

Airspeed  control  -  was  a  little  bit  -  other  than  optimum  due  to  this  having  to 
pull  and  push  a  little  bit  to  effect  changes  or  for  whatever  reason,  I  seem  to 
have  to  be  a  little  more  conscious  and  scan  airspeed  a  little  bit  more  to 
avoid  errors  building  up. 

Approach  performance  -  flight  path  corrections  -  I  was  lucky  on  the  throttle 
on  the  first  time  so  it  worked  out  so  maybe  it’s  amenable  to  corrections,  may 
have  been  a  little  bit  of  pure  luck. 

Airspeed  control  -  not  quite  optimum. 

Flare  and  touchdown  -  was  good  -  no  unusual  control  techniques  I  felt  like  I 
could  control  the  flare  and  this  is  the  first  configuration  that  I  have  flown 
today  that  I  really  felt  like  I  had  the  ability  to  get  in  here  and  control  the 
flare. 
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No  -  the  PIO  scale  I  will  call  that  a  1. 

Cooper-Harper  scale  -  it’s  satisfactory  without  improvement,  and  in  general  I 
am  going  to  give  that  a  rating  of  2.  The  airspeed  control  is  the  only  thing 
that  kept  that  from  being  a  really  solid  2.  l’m  going  to  call  it  a  2  anyway 
because  the  most  critical  portion  of  the  flare  I  felt  like  I  could  really 
handle  and  it’s  just  the  airspeed  involved  just  a  little  more  scanning  of  the 
airspeed  indicator,  so  anyway  I  liked  that  one  it’s  the  best  one  I  have  seen 
today. 


F-35 


FLIGHT  737 

CONFIGURATION:  6-1-1 

PILOT: 

A 

DATE:  9/14/83 

HQ  RATING:  5 

PIO  RATING: 

2 

PILOT:  Comments  on  first  configuration.  We  did  three  approaches  I  think  two 
were  desired  and  one,  the  first  one,  was  not  in  terms  of  distance. 

I  think  it  s  controllable.  I  think  I  could  achieve  adequate  performance  but  I 
wasn’t  real  happy  within  right  to  the  last  part  near  the  ground  and  I  did 
another  approach  because  I  wasn’t  quite  sure  why.  It  just  seems  a  little 
sloppy  right  near  the  ground  in  controlling  sink  rate.  So  that  I  think  it  is 
satisfactory  without  improvement.  I  achieved  desired  performance  two  out  of 
three  in  terms  of  distance  but  I  was  not  happy  with  my  touchdown  performance 
although  I  likely  achieved  the  three  feet  per  second  or  close  to  it. 

I  had  a  worse  feeling  when  I  sampled  the  airplane  up-and-away  than  I  did  when 
1  really  flew  it.  It  seemed  like  it  was  going  to  be  quite  unpredictable  but 
it  wasn  t  quite  as  bad  when  I  got  down  in  close  so  I’m  debating  between  a  four 
and  a  five  from  what  I  saw. 


The  wheel  forces  and  displacements  -  they  were  very  light  compared  to  the 
Convair  but  I  don’t  have  any  serious  comments  there. 

The  roll  pitch  were  matched. 

The  initial  response  -  that  seemed  OK. 

The  final  response  -  seemed  a  little  slow,  a  little  sloppy,  unpredictable. 
no  special  inputs  that  I  noticed,  that  I  could  figure  out. 

Airspeed  control  -  when  I  concentrated  on  it  -  was  easy. 

Flight  path  -  except  for  the  very  last  part  was  OK. 

There  was  a  problem  with  the  touchdown  rate  I  couldn’t  really  get  the  attitude 

and  get  the  sink  rate  under  control  right  near  the  ground.  It  didn’t  really 
balloon  or  overcontrol  from  a  PIO  sense.  Landing  was  more  difficult. 

Crosswind  not  a  factor  but  it  seemed  like  we  didn’t  have  it  quite  out  on  the 

last  one.  But  it  wasn’t  a  problem. 

The  rating  -  just  reviewing  that  I’m  having  a  little  trouble  because  I  didn’t 
like  it  and  I  didn  t  know  exactly  why.  I  kind  of  smashed  it  into  the  ground 
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to  get  desired  performance  so  l’m  going  to  give  it  a  5.  Because  I  could  not 
control  the  sink  rate  near  the  ground. 

No  undesirable  motions  compromised  the  task  but  there  was  something  there  that 
I  would  like  to  reflect  by  saying  it  was  a  2. 


FLIGHT  737 

CONFIGURATION:  6-2-1 

PILOT:  A 

DATE:  9/14/83 

HQ  RATING:  4 

PIO  RATING:  1 

PILOT:  Comments  on  second  one  -  I  guess  l’m  not  seeing  things  with  great 
clarity  this  afternoon.  Nothing  is  really  standing  out  to  me  and  I’m  -  I  did 
fly  one  approach  where  I  got  it  down  within  a  couple  of  feet  waiting  for  it  to 
touch  down  and  we  floated  merrily  along.  Do  we  get  adequate  on  the  first  and 
then  desired  on  the  second.  So  you  really  have  good  crisp  control,  it’s 
accurate  you  have  a  ^little  tendency  to  float  near  the  ground  which  disrrupts 
things  so  I  think  it  s  controllable.  I  think  you  can  achieve  adequate  perfor¬ 
mance  when  you  are  aware  of  it  you  have  to  work  at  it  a  little  bit,  I  don’t 
think  if  I  was  nitpicking  it  was  satisfactory  and  I  think  you  could  achieve 
desired  performance  once  you  realize  what’s  going  on  but  you  have  to  work  at 
it  so  I  will  give  it  a  4.  If  I  flew  it  many  times  I  likely  would  do  better 
but  I  would  anticipate  that. 

Forces,  displacements  -  no  comments  there. 

Pitch  response  -  it  seemed,  I  thought  was  excellent,  it  seemed  quick,  respon¬ 
sive  and  predictable.  That  is  why  I  was  angry  when  I  floated. 

Approach  performance  was  OK. 

Flare  and  touchdown  -  no  problem  with  the  flare  in  the  sense  of  over- 
controlling  but  there  was  a  tendency  to  float  that  could  be  compensated  for 
but  you  did  have  to  do  some  compensation  right  near  the  ground  to  get  an 
accurate  and  smooth  touchdown.  Landing  was  more  difficult. 

Turbulence  crosswind  gusts  were  not  a  factor. 

Good  features  -  were  the  open  loop  control  -  looked  excellent  -  it  was  crisp 
and  accurate. 

Reviewing  the  rating  -  Although  I  did  not  achieve  adequate  performance  on 
both,  only  on  the  second  one,  when  I  was  aware  of  the  floating  tendency  I 
could  compensate  for  it  but  I  think  that  is  a  minor  but  annoying  category  and 
I  will  stick  with  a  4. 


F-38 


PIO  rating  would  be  a  1. 


FLIGHT  737 

CONFIGURATION:  1-2-2 

PILOT: 

A 

DATE:  9/14/83 

HQ  RATING:  7 

PIO  RATING: 

2 

PILOT:  Comments  on  third  configuration  -  OK,  it’s  controllable.  I  couldn’t 
get  it  down  where  I  wanted  so  I  could  not  achieve  adequate  performance.  I 
didn’t  feel  like  I  had  any  controllability  problems  so  it’s  a  7. 

Forces  and  displacements  -  nothing  to  stand  out  there. 

Pitch  roll  OK. 

Sensitivity  -  in  the  sensitivity  sense. 

Initial  and  final  response  when  I  looked  at  that  separately  seemed  OK,  it  just 
was  when  I  got  down  near  the  ground  it  seemed  like  I  ran  into  some  lift  or 
something  and  it  just  wanted  to  float.  The  first  one  I  tried  to  take  the 
throttle  off  and  I  ended  up  staying  where  I  was  and  having  the  airspeed  go  6-8 
knotts  low  and  not  getting  near  the  ground  any  faster.  The  second  one  I 
cautioned  myself  not  to  do  that  and  I  just  stayed  at  3  or  5  feet  past  the 
touchdown  zone  so  that  is  the  primary  problem.  I  didn’t  have  a  tendency  to 
overcontrol  but  I  know  that  it’s  just  the  tendency  to  float  which  didn’t  allow 
me  to  get  the  vehicle  down  where  I  wanted.  I  tried  to  with  that  last  one  but 
I  couldn’t  do  it.  So  the  landing  is  difficult  I  didn’t  feel  I  was  in  any 
danger  of  hitting  the  ground  hard  I  just  couldn’t  get  near  it. 

Effects  of  turbulence,  crosswinds  not  there. 

1  would  not  change  my  rating. 

PIO  rating  -  rather  undesirable  motions  in  the  sense  that  I  couldn’t  do  what  I 
wanted  with  it  near  the  ground  but  I  didn’t  have  oscillatory  motions,  and  the 
task  was  compromised  in  the  sense,  although  it  was  not  a  PIO  so  the  unde¬ 
sirable  motions  -  I  couldn’t  get  the  response  that  I  wanted  that’s  abusing  the 
PIO,  scale  I  don’t  know.  I’m  going  to  give  it  a  2.  I  didn’t  see  any  tendency 
to  PIO. 
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FLIGHT  737 

CONFIGURATION*  1-3-7 

PILOT*  A 

DATE:  9/14/83 

HQ  RATING*  4 

PIO  RATING*  1 

PILOT:  This  is  the  fourth  configuration  -  It’s  controllable.  Adequate  perfor¬ 
mance  is  attainable.  It’s  not  to  me  satisfactory  without  improvement.  I 
would  class  the  deficiencies  minor  but  annoying  because  you  have  to  learn  the 
technique  of  pushing  forward  near  the  ground  and  I  don’t  like  that  I  guess. 
But  you  can  do  it  with  some  confidence  once  you  realize  you  have  to  do  that  so 
you  can  achieve  desired  performance  4. 

The  pitch  response  initial  and  final  response  I  have  no  complaints  about  that. 
Pitch  roll  harmony  -  is  OK. 

No  comments  on  forces  and  displacements. 

Special  piloting  techniques  or  inputs  -  yes,  you  must  learn  to  push  forward 
near  the  ground  if  you  want  to  touchdown  where  you  wish. 

Airspeed  control  no  problem. 

Flight  path  corrections  were  alright  on  the  approach  but  not  so  on  the  flare 
and  touchdown.  There  is  a  little  tendency  to  float  that  you  had  to  push  for¬ 
ward  to  contend  with  and  you  can  do  that,  I  think,  with  some  accuracy  but  I 
just  find  that  annoying  and  I  gave  it  a  4  there  for  landing  a  little  more  dif¬ 
ficult  in  approach. 

No  comments  on  turbulence,  crosswinds  or  gusts. 

Good  features  -  a  solid  feeling  about  the  control  in  terms  of  the  pitch 
response  but  near  the  ground  you  had  to  pitch  forward  to  get  the  sink  rate  the 
final  sink  rate  and  I  didn’t  like  that.  I  did  not  notice  any  PIO  tendencies 
so  it  will  be  a  1. 

My  comments  on  that  last  one  which  is  the  fifth  one  that  I  actually  have  eva¬ 
luated. 
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FLIGHT  737 

CONFIGURATION:  3-1-3 

PILOT: 

A 

DATE*  9/14/83 

HQ  RATING:  5\ 

PIO  RATING: 

3 

PH-OT 5  The  rating  -  I  think  it  s  controllable,  I  achieved  adequate  performance 
and  in  fact  I  achieved,  I  guess,  desired  performance  in  both  but  there  are 
several  items  that  I’m  not  happy  with  so  I  could  now  say  I  could  get  the  job 
done  but  I  have  at  least  moderately  objectionable  deficiencies  and  maybe  even 
worse  than  that,  so  right  now  it  will  be  a  5  at  least.  Let  me  just  talk  about 
it. 

The  feel  forces  in  pitch  are  on  the  heavy  side  and  it’s  distracting  near  the 
ground.  I  didn  t  notice  the  displacements  so  the  pitch  sensitivity  seems  low 
to  me. 

Initial  response  was  such  that  I  felt  the  forces  so  it  was  either  slow  or  I 
had  to  pull  hard  to  get  it  going,  it  just  felt  like  it  was  a  slow  airplane. 
Sluggish,  heavy. 

Pitch  roll  harmony  was  not  real  great  because  the  pitch  was  heavier  than  the 
roll. 

Special  pilot  inputs  -  nothing  stands  out  in  my  mind  on  that  score.  A  ten¬ 
dency  to  PIO  on  the  first  one  I  had  a  little  tendency  to  balloon  and  sort  of  a 
flight  path  PIO.  I  didn’t  notice  it  on  the  second  one  but  maybe  I  was  a 
little  more  careful  with  my  touchdown  and  sink  rate  and  everything  and  the 
second  one  was  really  quite  good. 

Approach  performance  -  nothing  there  to  speak  of  there.  The  flare  and  touch¬ 
down  is  where  I  didn’t  like  it.  I  didn’t  like  the  accuracy  with  which  I  could 
control  the  airplane  near  the  ground.  It  felt  on  the  verge  of  flight  path  PIO 
like  I  said,  tending  to  float,  although  I  really  didn’t  like  the  whole  thing  a 
whole  lot.  So  the  touch  down  accuracy  was  there,  a  little  tendency  to  float 
and  a  tendency  to  overcontrol.  Landing  was  more  difficult,  turbulence  and 
crosswind  was  not  a  factor.  The  lateral  control  was  a  good  feature.  The 
rating  again  was  -  I  did  receive  desired  performance  but  I  found  I  was  having 
to  work  too  hard  to  do  that  and  I  just  didn’t  feel  confident  in  doing  it  so  I 
am  ready  to  give  the  airplane  -  I’m  going  to  give  it  a  5~.  I  guess  in  general 
I  was  surprised  that  I  did  as  well  as  I  did.  It’s  moderately  objectionable,  I 
wonder  who  made  up  that.  6  is  extensive  pilot  compensation.  Since  I  did  get 
down  where  I  wanted  I  can  t  say  that  I  just  feel  like  especially  on  my  first 
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approach  I  saw  things  I  didn’t  like  as  if  something  was  potentially  there  that 
could  build  so  I  an  going  to  stick  with  my  5|.  And  I  am  going  to  say  that 
when  I  had  to  enter  loop  causes  divergent  oscillations  -  no.  Tight  control 
causes  oscillations  which  are  divergent,  I  thought  I  saw  a  little  bit  of  that 
although  it  was  more  flight  path  than  a  high  frequency  like  pitch  attitude. 
So  that  would  cause  of  oscillations  yes,  divergent  no  -  undesirable  motions 
compromise  I  like  a  3  I  guess  for  the  PIO.  I’m  biased  on  the  PIO  scale 
because  I  always  want  things  to  be  .  .  . 


FLIGHT  738 

CONFIGURATION:  7-1-4 

PILOT:  B 

DATE:  9/14/83 

HQ  RATING:  2j 

PIO  RATING:  1 

PILOT:  This  is  the  first  configuration  -  a  little  bit  of  an  overshoot  on  an 
open  loop  step  and  as  far  as  making  a  pull  to  a  new  pitch  attitude  I  seemed  to 
be  able  to  do  that  pretty  precisely  and  with  just  a  very  small  amount  of 
dithering  to  stabilize. 

Sensitivity  fairly  low  but  a  noticeable  amount  of  pull  force  necessary  to  go 
around  the  turn  here  toward  the  base  and  final. 

Holding  airspeed  -  seems  to  be  relatively  easy  this  configuration. 

The  aftermath  of  that  first  approach  was  that  I  felt  like  I  had  pretty  good 
control  of  touchdown  position,  sink  rate  and  glideslope  and  I  was  able  to 
maintain  airspeed  fairly  close  without  a  lot  of  effort  so  generally  I  liked 
that  good _ tendencies. 

_  some  pulling  going  around  the  turn  on  this  approach  but  the 

airspeed  doesn’t  seem  to  be  suffering  too  much,  but  I  am  having  to  pull  around 
the  turn. 

Feel  -  there  is  a  little  bit  of  a  pull  force  necessary  to  go  around  the  turn 
through  the  downwind  leg  and  I  was  conscious  of  it  I  prefer  to  have  less  but 
it  wasn’t  very  objectionable  it  was  just  a  minor  sort  of  annoyance. 

The  other  feel  factors  were  not  factors. 

Response  -  felt  comfortable  what  with  the  pitch  response,  initial  response, 
predictability  there  weren’t  any  special  inputs  necessary  and  I  didn’t  see  any 
tendency  to  PIO. 

Airspeed  control  was  relatively  good. 

Approach  performance,  again  airspeed  control  was  pretty  good  and  I  felt  like  I 
had  pretty  good  control  on  flight  path  corrections.  On  the  second  approach  I 
noticed  I  had  the  effects  of  the  gusts  more  than  I  did  on  the  first.  I  could 
tell  on  the  first  I  didn’t  really  get  upset,  I  didn’t  get  much  of  an  upset. 

Flare  and  touchdown  -  I  felt  like  I  had  the  ability  to  control  the  flare  well 
and  touchdown  point,  sink  rate  as  well.  No  unusual  control  techniques. 
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The  Plu  scale  -  I  think  it  is  satisfactory  without  improvement.  I  think  the 
only  thing  that  I  saw  that  I  would  like  to  have  a  little  less  of,  is  the  pull 
force  going  around  the  second  approach.  I’m  vasselating  between  a  2  and  a  3 
here.  I  think  right  now  I’m  going  to  cop  out  and  call  it  a  2-±  because  I  like 
it.  The  only  adverse  comment  would  be  the  little  bit  of  pull  to  go  around 
through  the  90. 
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FLIGHT  738 

CONFIGURATION:  8-1-5 

PILOT: 

B 

DATE:  9/14/83 

HQ  RATING:  4* 

PIO  RATING: 

2 

*  Evaluation  Inadequate 

NOTE:  Command  gain  used  was  high. 

PILOT:  Comments  on  second  configuration  -  On  the  first  sample  of  the  second 
configuration  I  felt  as  if  I  had  to  be  low  gain  and  to  try  to  stay  out  of  the 
loop  but  I  didn’t  really  put  it  to  the  test  too  much  on  final.  It  felt  as  if 
I  were  going  to  excite  a  significant  amount  of  undesired  motion,  if  I  weren’t 
low  gain  and  I  think  the  fact  that  the  touchdown  happened  just  about  right 
might  have  been  something  that  I  couldn’t  repeat  too  frequently  out  of  a  large 
number  of  samples. 

-----  to  putting  in  inputs  was  there  based  on  the  knowledge  that  the 
system  might  drop  off  the  line  rather  than  just  the  fact  that  the  airplane 
might  be  divergent  or  oscillatory  if  I  put  in  bigger  inputs. 

-----  I  would  put  in  an  input  to  a  new  pitch  attitude  and  then  I  would 
release  it  goes  back  to  where  about  where  it  was.  It  doesn’t  seem  in  fact 
it’s  pitching  down  below  where  it  was  don’t  understand  that  it  doesn’t  seem  to 
be  a  real  attitude  hold  system  either  that  or  the  follow  up  on  the  attitude 
trimming  a  new  attitude  is  very,  very  slow.  It  certainly  is  not  holding  atti¬ 
tude.  If  I  try  to  go  closed  loop  on  it  and  put  in  an  attitude  change  I  can 
set  up  a  real  small  amplitude  limit  cycle  or  a  constant  amplitude  cycle  of 
some  lower  gain  I  can  stabilize  maybe  not  exactly  where  I  want  to  but  I  can 
stabilize  in  the  vicinity  of  where  I  want  to  without  a  lot  of  small 
overshoots. 

When  I  pull  around  the  turn  the  results  are  confusing  and  before  when  I  set  up 
a  new  attitude  I  didn’t  want  to  follow  up  with  trim  and  hold  the  airplane  at  a 
new  attitude.  I  certainly  wasn’t  conscious  of  any  input  that  —  -  that  the 
aircraft  motion  preceded  that  disconnect. 

BERTHE:  I  think  we  ought  to  skip  on  down  to  configuration  4. 

PILOT:  That  configuration  is  a  little  inconclusive  unless  you  want  to _ 

back _ to  one  sample. 

PARRAG:  I  thought  you  were  reasonably  well  set  up. 
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PILOT:  I  thought  i  was  pretty  well  set  up  when  I  was  about  half  way  into  the 
flare. 

PARRAG:  I  agree.  It  is  this  one,  crazy  squelch.  It’s  the  squelch  that’s 
breaking. 

PILOT:  We  have  already  commented  on  the  feel  and  the  response  on  the  downwind 
an  I  still  don’t  know  for  sure  if  -  I  would  guess  based  on  what  I  flew  on  the 
second  approach  that  I  was  going  to  get  reasonably  good  performance  in  the 
flare  although  I  did  detect  starting  the  flare  a  little  bit  of  undesired  and 
unexpected  motions  but  only  a  moderate  amount. 

Special  pilot  inputs  -  I  was  conscious  on  the  first  approach  limiting  my  gain 
a  little  bit. 

There  is  a  slight  tendency  to  PIO  -  the  PIO  scale  I  think  that  is  a  2. 

Airspeed  control  is  OK. 

Approach  performance  was  OK. 

/ 

Flare  and  touchdown  was  OK. 

Control  techniques  -  at  least  again  the  first  approach  where  I  carried  it  all 
the  way  through  I  was  trying  to  get  myself  out  of  the  loop  to  a  certain 
extent . 

Rating  scale  -  I  am  going  to  say  it  is  satisfactory  without  improvement  (level 
one)  and  give  it  a  4.  (Level  2  ?) 

Moderate  pilot  compensation  being  removing  myself  from  the  loop  at  times  to 
avoid  exciting  the  airplane  although  I  didn’t  really  get  to  test  it  all  the 
way  down  to  touchdown  on  the  second  phase  but  I  think  a  4  is  about  the  best  I 
can  do  on  that  one. 

PARRAG:  Then  it  does  warrant  improvement. 

PILOT:  Yes  it  warrants  improvement  -  I’d  say  it’s  not  mandatory  but  it’s  in 
the  second  block. 


FLIGHT  738 

CONFIGURATION*  3-2-4 

PILOT: 

B 

DATE:  9/14/83 

HQ  RATING:  3 

PIO  RATING: 

1 

Configuration  No.  4,  it’s  the  third  one  but  it’s  No.  4. 

PILOT:  The  motion  of  the  step  is  pretty  much  deadbeat  to  a  new  pitch  attitude 
for  a  step  and  release.  In  looking  at  delta/theta  cosed  loop  I’m  clearly  not 
oscillatory  but  I  don’t  always  end  up  right  where  I  hope  to  end  up.  It  seems 
to  always  end  up  a  little  bit  of  offset. 

On  that  approach  in  reacting  to  the  gusts  I  always  seem  to  end  up  flat  and 
floated.  I  had  to  push  some  but  then  was  able  to  apply  some  back  pressure 
before  touchdown  and  felt  fairly  comfortable  in  applying  the  back  pressure  to 
soften  the  touchdown  itself.  On  that  approach  I  also  landed  a  good  bit  longer 
than  where  I  would  have  preferred  to  land  due  to  the  floating  tendency  and  the 
problem  I  had  of  having  to  push  forward  on  the  stick  to  re-acquire  a  negative 

h.  _ for  the  step  input  when  it’s  released  the  attitude  continued 

to  drift  for  some  period  of  time  in  the  direction  of  the  step.  The  impression 
I  get  is  the  sluggishness  in  Theta  control  when  I  try  to  close  the  loop. 

Okay,  I  got  the  floating  again.  I  don’t  seem  to  be  able  to  overcome  that 
floating  tendency.  Although  I  do  feel  better  about  this  configuration  than 
some  of  the  others  that  are  quoted  because  I  don’t  have  to  push  quite  so  much 
and  once  I  push  a  little  bit  to  get  it  down  then  I  feel  more  comfortable  about 
putting  in  a  countering  pull  to  soften  the  sink  rate  so  my  touchdown  precision 
has  gone  way  down.  I  can’t  put  it  right  where  I  want  to  put  it  but  I  feel 
like  I  can  control  h  reasonably  well  for  the  touchdown  wherever  it  occurs.  So 
that  is  a  little  variant  on  what  I  have  seen  before  with  floaters. 

PIO  scale  -  I  didn’t  really  detect  any  undesirable  motions  so  I  will  call  that 
a  1. 

Rating  scale  -  Feel  -  it  is  Okay. 

The  response  -  pitch  is  sluggish  in  response  and  because  of  its  sluggishness 
and  the  length  of  time  it  takes  to  acquire  what  you  are  looking  for  well,  pre¬ 
dictability  is  not  so  much  a  problem  in  terms  of  pitch  attitude.  I  guess  it’s 
just  that  the  response  is  a  little  sluggish. 

Pitch  roll  harmony  is  OK. 
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Special  pilot  inputs  -  in  the  landing  there  is  the  necessity  to  push  over  a 
little  bit  to  get  it  down. 

No  tendency  to  PIO. 

Sensitivity  is  not  a  factor  except  maybe  the  lack  of  it  in  pitch  that  is  the 
initial  response  we  talked  about. 

Airspeed  control  is  OK. 

Approach  performance  was  fair,  well,  the  approach  itself  was  OK  the  flare  and 
touchdown  floating  tendency. 

Unusual  control  techniques  -  There  is  this^need  for  a  little  bit  of  a  push  but 
then  I  can  pull  after  the  push  to  control  h. 

BERTHE:  Did  we  get  desired  performance  (1,2, 3, 4)  on  those  two  landings?  OK. 

PILOT:  OK,  do  I  think  it  warrants  improvement  very  definitely  and  l’d  say  l’m 
going  to  have  to  call  that  a  5  (adequate  performance).  It’s  kind  of  a  good  5 
because  it  s  not  real  troublesome  in  h  but  touchdown  precision  has  gone  down. 


FLIGHT  738 

CONFIGURATION:  2-1-1 

PILOT: 

B 

DATE:  9/14/83 

HQ  RATING:  7 

PIO  RATING: 

3 

This  will  be  configuration  No.  5. 

PILOT:  Roll  is  a  problem  there  noticed  it  a  little  bit  during  the  approach 
and  then  in  close  when  I  flared  and  started  to  round  out  I  got  real  deficient 

on  thrust.  _  I  was  giving  the  airplane  after  the  nose  up  pitch  step 

or  pitch  half  square  that  I  took  a  long  time  to  get  the  speed  back  and  even 
with  the  large  power  disk  it  seemed  to  just  barely  creep  back  up  to  speed  I 
think  speed  control  is  maybe  going  to  be  a  symptom  of  this  configuration  -  the 
lack  of  good  speed  control. 

I  touched  down  a  little  sooner  than  I  wanted  to.  I  decelled  and  I  just 
settled  right  in  beyond  the  wire  but  certainly  sooner  than  what  I  had  really 
intended  at  that  point,  it  was  a  little  late  to  add  power  and  I  couldn’t  seem 
to  get  anything  by  increasing  the  pitch  attitude,  I  was  already  too  slow. 

Nose  down  it  seems  to  diverge  and  I  continue  to  travel  in  pitch  more  than  nose 
up  step  and  with  closed  loop  OK  I  see  him  now.  For  closed  loop  input  I  was 
able  to  stabilize  with  a  moderate  amount  of  input  to  hold  the  new  pitch  atti¬ 
tude. 

On  the  flare  -  floated  I  didn’t  float  the  first  time  both  had  the  symptoms  of 
getting  slow  and  in  that  case  I  tried  to  correct  by  more  aft  stick  and  it  just 
got  me  slower  and  slower,  so  speed  control  and  touchdown  precision  suffered  in 
that  configuration  in  different  ways.  The  first  one  I  landed  a  little  shorter 
than  I  wanted  to  and  the  next  one  I  ended  up  holding  off,  getting  slow  and 
floating  and  landing  a  lot  longer  than  I  wanted  to.  The  touchdown  precision 
was  bad,  airspeed  control  was  bad. 

Had  a  slight  tendency  to  PIO  and  I’d  call  that  an  undesired  motion,  a  PIO 
rating  of  3.  Compromised  the  task. 

Going  down  the  comments. 

The  feel  was  OK. 

Response  to  inputs  -  I  guess  the  inputs  that  bothered  me  was  the  response  to 
the  pitch  input  necessary  to  flare  in  terms  of  airspeed  control.  It  wasn't 
predictable. 
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Special  pilot  inputs  were  -  I  ended  up  having  to  do  a  little  I  guess  there 
weren’t  any  special  pilot  inputs,  however,  there  was  a  tendency  to  PIO  and  I 
wasn’t  able  to  predict  what  I  was  going  to  get  in  terms  of  flight  path  angle 
and  speed  in  the  flare  maneuver. 

Approach  performance  was  OK. 

Flare  and  touchdown  was  not  very  good. 

Unusual  motions  -  I  would  get  slow  in  close  to  the  flare  approaching  the  flare 
and  throughout  the  flare.  I  wasn’t  able  to  find  any  control  techniques  to 
counter  those. 

The  rating  -  adequate  performance  -  I’d  say  that  deficient  that  it  requires 
improvement  and  the  touchdown,  I  know  that  the  speed  was  way  off  -  how  did  the 
touchdown  go?  OK,  I  would  say  that  even  though  I  had  desired  range  on  the 
first,  it  wasn’t  where  I  wanted  to  be  with  the  right  sink  rate.  I  wasn’t 
short  I  was  slow  that  the  whole  thing  but  as  far  as  touchdowns  point,  I  didn’t 
land  where  I  wanted  to  land,  I  wasn’t  really  controlling  it  as  well  as  I 
wanted  to.  The  airspeed  in  the  flare  was  a  definite  problem.  I  didn’t  think 
it  was  satisfactory  and  even  though  I  got  adequate  performance,  I  wasn’t  happy 
at  all  with  it.  I’m  going  to  give  that  a,  I  am  really  torn  between  the  two 
categories  because  I  really  think  it  warrants  improvement  because  of  airspeed 
control  so  I  am  going  to  have  to  give  it  a  7.  The  other  factors  cause  it  to 
be  a  6,  but  I’m  going  to  leave  it  at  a  7. 
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FLIGHT  739 

CONFIGURATION:  6-1-1 

PILOT: 

B 

DATE:  9/15/83 

HQ  RATING:  6 

PIO  RATING: 

4 

PILOT:  On  that  first  approach  I  made  a  power  reduction  to  continue  to  come 
down  on  the  glideslope  and  I  got  a  large  response  in  terms  of  power,  there  was 
a  surge  pitch  attitude  change  and  the  input  necessary  to  put  in  for  that 
bobbed  off  the  system.  I  guess  we  won’t  count  that  other  approach  because  it 
wasn’t  an  evaluation  approach. 

This  is  approach  no.l,  configuration  no. 5  on  today’s  card.  On  that  pass  I  was 
conscious  of  trying  to  suppress  what  felt  like  a  PIO  starting  and  I  misjudged 
my  height.  I  touched  down  a  lot  sooner  than  I  expected  to  on  the  runway. 
That  is,  the  gear  hit  sooner  than  I  expected  to.  I  was  thinking  that  I  pro¬ 
bably  would  make  it  up  to  the  wire  without  too  much  throttle  so  I  think  that 
was  a  combination  of  the  airplane  and  my  misjudging  the  height  and  being  con¬ 
tent  to  leave  things  where  they  were  and  accept  the  touchdown  about  on  the 
wire  I  thought.  When  in  reality  we  touched  down  just  short.  On  this  con¬ 
figuration  I  notice  a  little  bit  after  an  open  loop  step  I  notice  that  the 
attitude  returns  toward  the  original  attitude  about  20%  and  I  can  make  a  when 
I  try  to  be  high  gain  and  pull  to  a  new  pitch  attitude  there  is  quite  a  bit  of 
cycling  of  the  column  I  try  to  steady  on  the  new  pitch  attitude.  On  that  con¬ 
figuration  I’m  a  little  bit  confused  due  to  the  fact  that  I  didn’t  feel  so 
much  like  I  was  PlOing  that  time.  I’d  like  to  take  another  look  at  that  one. 

BERTHE:  It’s  going  to  shorten  your  day  we’ll  probably  lose  the  last  con¬ 
figuration  if  you  do.  It’s  up  to  you. 

BROWN:  OK,  let’s  look  at  it  anyway  because  I  don’t  feel  like  I’m  making  a 
good  call  on  it  right  now  because  I  have  two  conflicting  observations  on  that 
one  I  felt  like  I  was  able  to  make  pitch  corrections  to  control  my  h  a  lot 
better  that  time  even  though  I  still  didn’t  get  the  touchdown  exactly  where  I 
wanted  it.  I  think  the  first  one  I  know  there  was  an  element  of  not  knowing 
what  the  height  was  exactly.  There  should  be  more  calibrated  now.  The  ini¬ 
tial  impression  based  on  that  task  was  that  I  had  fairly  good  h  control  but  I 
didn’t  have  the  touchdown  precision  that  I  would  like.  On  the  first  pass  it 
seemed  as  if  I  was  trying  to  suppress  an  oscillation  and  was  harder  than  it 
was  on  the  second  time,  so  I  would  like  to  look  at  one  more  time. 

Configuration  -  Also  this  configuration  feels  fairly  slow  in  its  initial 
response.  Maybe  it’s  because  the  forces  are  a  little  bit. 
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On  that  approach  I  did  have  to  suppress  an  oscillatory  tendency  I  levelled  in 
close  trying  to  control  my  h  in  touchdown  point,  floated,  touched  down  longer 
than  I  wanted  to,  touchdown  sink  rate  was  OK.  Precision  of  the  touchdown 
point  was  pretty  poor  and  I  did  have  to  work  on  suppression  and  oscillation. 
Response  to  the  inputs  in  that  I  had  an  oscillation  there  to  PIO.  The  initial 
response  to  the  control  seemed  to  be  a  little  sluggish  perhaps  because  of  the 
forces  being  a  little  bit  heavy  in  the  longitudinal  axis. 

Approach  performance  was  okay  until  I  got  in  fairly  close  I  was  seeing  some 
oscillation  in  the  approach  in  close  trying  to  control  airspeed  and  gamma. 

Flare  and  touchdown  -  the  flare  maneuver  was  not  done  very  well  because  of  the 
fact  that  I  had  to  suppress  the  oscillation  -  touched  down  longer  than  I 
intended  to.  I  got  slow  also  in  the  process  of  holding  what  I  had  to  avoid 
oscillation  so  airspeed  control  was  poor  at  the  start  and  during  the  flare. 

Unusual  control  techniques  -  I  was  staying  out  of  the  loop  a  little  bit 
suppressing  oscillation. 

On  the  PIO  scale  -  i’ll  give  that  a  3.  Well  standby,  it  was  an  oscillatory 
tendency  l’m  going  to  give  that  a  4.  On  the  Cooper-Harper  Scale  I  got  ade¬ 
quate  performance  but  I  think  it  needs  improving. 

Airspeed  control  is  poor  i’ll  give  that  a  6.  In  order  to  get  better  airspeed 
performance  I’d  what  I  would  call  adequate,  I  think  the  airspeed  performance 
on  that  was  a  little  less  it  definitely  wasn’t  desired  it  was  borderline.  I 
don’t  think  it  was  really  adequate  it  was  just  on  the  border  of  being  adequate 
so  i’ll  call  that  a  6. 
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FLIGHT  739 

CONFIGURATION:  6-1-1-1 

PILOT:  B 

DATE:  9/15/83 

HQ  RATING:  4 

PIO  RATING:  1 

PILOT:  This  configuration  is  less  overshoot,  less  overturn  to  the  initial 
position  for  an  open  loop  step  elevator  input  and  I’m  able  to  stabilize  on 
DeltaAheta  a  little  easier  than  I  was  on  the  last  configuration.  Okay,  l’m 
pushing  to  get  this  thing  around  the  turn  and  I’m  still  slow,  are  you  sure 
throttles  are  hooked  up?  On  that  approach  I  tended  to  get  slow  in  close,  I 
tried  to  squeeze  some  power  back  on  but  I  still  stayed  low. 

BERTHE:  Where  were  your  throttles  that  time  coming  over  the  fence? 

PILOT:  Beats  me,  I  thought  I  was  fairly  well  squared  away  but  then  when  I 
started  the  flare  maneuver  I  got  slow  again. 

BERTHE:  Well  my  throttles  were  pretty  far  back  so  I  just  wondered  where  yours 
were. 

PILOT:  i  can  t  tell  you  for  sure  but  I  thought  the  airspeed  was  fairly  well 
established  then  I  went  into  the  flare  and  got  a  little  bit  slow  and  in  the 
process  of  extending  my  trying  to  get  up  to  the  proper  touchdown  point  I  did 
not  feel  oscillatory  in  that  case  but  I  felt  like  the  airspeed  control  was  not 
very  good.  This  configuration  is  a  lot  easier  to  stabilize  in  with  the 
delta/theta.  I  liked  that  configuration  pretty  well,  I  didn’t  have  the  air¬ 
speed  problems  of  any  great  magnitude  that  time  but  I  still  have  a  feeling 
that  the  response  to  thrust  controls  is  different  than  it  has  been  in  the 
past.  I  don  t  recall  lags  of  the  length  that  I  was  experiencing  on  both  of 
those  passes,  in  spite  of  the  fact  that  the  approach  angle  has  been  maybe  a 
little  bit  steeper. 

Third  configuration  off,  and  instrument  power  is  off.  Okay,  Column,  wheel 
forces,  displacements,  sensitivity  all  okay.  Initial  response  is  good. 
Predictability  is  okay.  No  special  pilot  inputs.  I  don’t  really  feel  any  PIO 
tendencies.  Airspeed  control  was  okay.  Approach  performance  again  not  much 
comment.  Flare  and  touchdown,  I  felt  like  in  general  I  had  pretty  good 
control  of  both  the  flare  and  the  touchdown  point.  Although  on  the  first  one, 

I  think  I  was  pushing  just  a  little  bit  to  get  it  down  but  that’s  the  only 
thing  that  may  border  a  little  bit  on  control  technique  required.  I  think 
there  was  a  little  push  first.  The  record  should  show  that  up.  Okay,  on  the 
PIO  scale,  well,  let’s  give  that  a  1.  Okay,  you  got  a  guy  right  there. 
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BERTHE:  Okay 

PILOT:  On  the  Cooper-Harper  scale 
BERTHE:  Ready  for  your  gear? 

PILOT:  Satisfactory  without  improvement  but  for  whatever  reason,  I  didn  t 

seem  to  have  much  -  the  same  kind  of  response  to  thrust  change.  And  I  don’t 

really  know,  understand  that.  Let  me  think  here  a  bit. 

BERTHE:  Breaking  into  to  us.  I  think  i’ll  go  down  a  little  bit. 

PILOT:  OK,  I’m  going  to  say  that  because  of  the  thrust  response  that  I  was 

getting,  that  it  took  moderate  compensation  to  achieve  desired  performance, 
i’ll  give  that  a  4. 

BERTHE:  Phil,  the  thrust  is  not  part  of  the  flight  configuration. 

PILOT:  Well,  it  may  not  be  but  it  sure  ties  in  when  it  gives  me  a  heave  or  a 
pitch  that  then  requires  me  to  put  longitudinal  inputs. 

BERTHE:  Okay,  I  think  one  of  the  problems  is  were  coming  in  at  a  level  turn 
all  the  way  around  the  close-in  and  then  you’re  having  to  go  to  flight  idle  to 
get  down  and  it’s  not  having  time  to  get  stabilized.  I  think  if  you  come 
through  the  90  about  300  ft  lower,  it  would  be  more  stable  coming  across. 

PILOT:  Well,  I  think  I  was  flying  more  or  less  the  same  pattern  the  other 

day.  maybe  I  wasn’t.  Maybe  I  was  flying  lower. 

BERTHE:  you  set? 

PILOT:  Okay.  There  doesn’t  seem  to  be  much  attitude  holding  the  airplane 

after  a  step  input.  It  seems  to  return  to  pretty  much  to  the  original  pitch 
attitude.  And  there  is  a  moderate  amount,  a  small  to  moderate  amount  of  acti¬ 
vity  necessary  to  stabilize  our  new  pitch  attitude.  I  have  to  push  quite  a 
bit  now  to  get  the  airplane  started  downhill  and  hold  speed.  Holding  a  push 
force  on  the  stick. 

BERTHE:  It’s  going  off  at  the  end.  He’s  turning. 

PILOT:  Now,  I’ve  been  waiting  for  at  least  4  or  5  seconds  for  power.  Really 
believe  that  I  couldn’t  have  been  doing  things  quite  this  differently  today. 


BERTHE: 


That’s  work. 


PILOT:  Okay. 

BERTHE:  Gear? 

PILOT:  Yep  gear.  Okay,  I  thought  it  was  relatively  easy  to  make  the  approach 
and  touchdown  point  and  flare  with  that  configuration.  I  liked  it  pretty  well 
except  the  fact  that  I  had  to  do  a  lot  of  pushing  and  I  did  some  trimming  but 
didn’t  seem  to  —  maybe  I  don’t  hold  it  on  long  enough  but  it  didn’t  seem  to 
do  much  good.  Didn’t  notice  any  tendency  to  oscillate  there  and  I  felt  like  I 
could  predict  and  put  the  airplane  where  I  wanted  it.  I’m  still  surprised  at 
the  power  response.  I  don’t  recall  it  being  like  that  yesterday.  Put  a  (3) 
and  a  (4)  in  parenthesis  and  a  note  that  power  is  what  caused  me  to  call  that 
a  4  and  we’ll  try  to  sort  it  out  after  the  fact.  What  configurations  have  we 
flown  -  5?  and  what  other  numbers  on  your  chart? 
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FLIGHT  73 9 

CONFIGURATION:  6-2-1-1 

PILOT:  B 

DATE:  9/15/83 

HQ  RATING:  3 

PIO  RATING:  1 

BERTHE:  5  and  6.  Were  on  7. 

PILOT:  We’re  on  7.  Ok,  I  may  be  further  back  on  the  power  because  I’m 

putting  less  power  for  that  glide  slope. 

BERTHE:  It’s  only  5  or  6  knots.  Not  a  whole  bunch. 

PILOT:  It  s  -  and  they’re  coming  across  the  fence.  I’m  pushing  to  go  down 
even  though  I  try  to  trim  this  out  here  and  get  a  level  flight  before  we 
start. 

BERTHE:  Altimeter  check  1600. 

PILOT:  Okay. 

BERTHE:  I  think  we’ll  be  all  right  this  time. 

PILOT:  OK,  again  I’m  conscious  of  some  push  force. 

BERTHE:  OK,  now  we’re  down  on  altitude  early  and  now  you’ll  be  up  in  the 

operating  range  coming  across  the  fence.  1  think  you’ll  see  something  dif¬ 
ferent. 

PILOT:  See  the  glide  slope.  We’re  just  still  a  little  bit  high  on  it. 

BERTHE:  We’re  in  good  shape  here. 

PILOT:  It’s  a  little  slow  here  so  I  add  more  power  on.  Okay,  I  felt  like  I 
had  good  control  there.  Power  wasn’t  a  problem.  I  put  on  more  power  on  that 
approach  because  I’d  gotten  down  to  about  128  knots.  I  had  a  little  excess 
power  on  to  try  to  bring  my  airspeed  back  up  to  132.  Power  response  was  the 
problem.  Okay,  the  -  I  guess  the  only  thing  that  we’ve  got  is  — 

BERTHE:  We’ve  got  to  have  configuration  change,  right? 

PILOT:  Yep.  Okay.  The  wheel  forces  and  displacements  were  OK  but  the  -  that 
wasn  t  always  what  I  wanted  and  yes  they’re  off.  I  had  to  push  around  down  on 
the  final  and  through  a  considerable  portion  of  the  final.  There  was  some 
push  force  on  the  wheel.  And  it  took  a  lot  of  trim  to  try  to  nullify  that. 
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That  was  the  only  special  unusual  sort  of  input.  Didn’t  see  any  PIO  sen¬ 
sitivity  or  tendency.  Airspeed  control  was  fair.  Fair  to  good.  I  didn’t 
like  this  having  to  push  coming  down  hill  on  final.  Approach  performance  was 
okay.  Flare  and  touchdown  performance  was  relatively  good.  I  felt  like  I 
controlled  the  situation.  I  did  get  a  little,  maybe  a  little  bit  flat  in  the 
flare  especially  on  the  second  approach  but  I  was  able  to  hold  off  without 
getting  too  slow  and  touchdown  on  the  right  h  and  the  touchdown  point.  No 
unusual  control  techniques  except  for  the  —  well,  in  the  flare  there  wasn’t 
really  much  there  wasn’t  any  unusual  control  technique.  On  the  Cooper-Harper 
scale,  I’d  give  it  —  correction  -  on  the  PIO  scale  1.  There  wasn’t  any  -  I 
didn’t  see  any  tendency  to  oscillate,  or  to  undesired  motions.  And  I  think 
it’s  satisfactory  without  improvement.  The  only  thing  I  didn’t  like  about  it 
was  the  pushing  business  on  the  wheel  to  come  down  hill  so  i’ll  give  that  a  3. 

NOTE:  Result  of  washout,  make  it  attitude  command. 
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FLIGHT  739 

CONFIGURATION:  4-3-7 

PILOT:  B 

DATE:  9/15/83 

HQ  RATING:  7 

PIO  RATING:  1 

BERTHE:  Configuration  8. 

PILOT:  Okay,  on  that  configuration,  maybe  the  gust  was  late  but  it  floated 
and  floated  and  floated  to  my  surprise  and  I  did  a  little  tiny  bit  of  pushing 
and  then  just  had  to  hold  what  I  had,  and  landed  long.  Up  to  that  point,  I 
didn’t  see  anything  that  didn’t  look  okay  about  the  configuration  and  also  it 
was  not  adequate.  The  pitch  attitude  stalls. 

BERTHE:  We  could  guess  that. 

PILOT:  We  got  pretty  hard  damping  -  just  a  tiny  little  bit  from  oscillation 
after  the  steps  were  moved  and  for  closed-loop  delta/theta,  I’m  able  to  stabi¬ 
lize  so  I  want  just  a  small  amount  of  column  activity.  There’s  a  very  pro¬ 
nounced  float  and  the  discrete  gust  came  in  plenty  of  — 

BERTHE:  Go  down  aways? 

PILOT:  Can’t  fault  it,  due  to  late  gust.  OK,  as  far  as  feel  -  everything  was 
okay  there. 

Response  to  the  input  -  the  up-and-away  inputs  looked  great.  There  wasn’t  any 
tendency  to  PIO,  no  special  pilot  inputs.  Airspeed  control  was  OK.  The  glide 
slope  performance  looked  reasonable.  The  only  problem  was  flare  and  touchdown 
and  there  was  a  terrific  tendency  to  float.  I  pushed  a  little  bit  but  I  was 
so  close  to  the  ground,  I  couldn’t  really  push  too  much  and  then  didn’t  feel 
like  I  could  push  to  get  it  started  and  then  take  out  the  push  and  make  a  nice 
controlled  touchdown. 

So  in  summary  -  the  floating  and  lack  of  precision  in  touchdown  was  very 
disconcerting,  h  wasn’t  really  a  problem.  There  was  just  more  a  gamma  matter 
in  trying  to  get  the  airplane  on  the  ground,  and  at  the  right  place.  PIO 
rating  would  be  a  1  and  I  think  I  was  long  on  that  one.  Was  I  out  of  the  ade¬ 
quate  zone  or  just  —  yeah,  adequate.  I  think  the  tendency  is  more  to  be  not 
adequate  than  it  is  to  be  adequate.  I’m  going  to  branch  over  to  the  adequate 
performance  not  attainable  with  a  tolerable  pilot  workload  and  improvement 
required  and  give  that  a  7  now  that  there’s  some  room  for  tradeoff  there.  I 
could  have  dropped  the  nose  and  I’m  not  sure  if  I’d  done  that  exactly  what 
would  have  happened.  I  don’t  know  how  much  h  I  would  have  built  up  so  there’s 
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a  little  bit  of  a  question  there  but  because  of  the  —  the  floating  tendency 
was  so  pronounced,  I’m  going  to  leave  that  a  7. 
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FLIGHT  740 

CONFIGURATION:  8-3-5 

PILOT: 

A 

DATE:  9/15/83 

HQ  RATING:  5 

PIO  RATING: 

3 

PILOT:  Comments  on  the  first  evaluation.  It’s  controllable,  I  could  achieve 
adequate  performance.  It  is  satisfactory  without  improvement  -  my  first 
approach  was  excellent.  My  second  one  floated  a  little  bit,  although  I  was 
about  to  squeeze  it  onto  the  ground  and  I  did  get  a  little  slow  because  of  the 
floating.  I  think  the  sink  rate  would  have  been  okay.  So  I’m  going  to  say 
it  s  either  a  3  or  4  and  I  will  make  some  more  thought  in  a  second. 

Wheel  forces  and  desplacements  -  I  have  nothing  that  I  can  remember  that 
stands  out  there.  I  did  think  the  airplane  was  a  little  on  the  slow  side  but 
it’s  predictable  enough.  So  the  initial  response  may  be  a  little  slow. 

Special  inputs  -  the  second  one  I  flared  because  of  the  gusts  I  ended  making  a 
large  input  near  the  end  because  I  didn’t  have  it  settled  down  and  I  flared 
too  much  and  ballooned  slightly  and  floated.  The  first  one  everything  seemed 
to  work  out  quite  nicely.  So  the  velocity  control  was  not  good  on  the  second 
one. 

The  approach  performance  was  okay. 

Flare  and  touchdown  -  there  was  a  tendency  to  float  on  the  second  one  so  the 
accuracy  wasn’t  quite  as  good  as  I  would  like  to  see.  Landing  was  a  little 
more  difficult.  The  gust  was  bothersome  on  the  second  one,  it  came  at  a  time 
that  bothered  me  the  most. 

Good  features  -  I  think  it  was  entirely  controllable  and  you  could  achieve 
adequate  performance.  The  second  approach  gave  me  a  debate  I  would  have 
likely  based  on  the  first  one  said  it  was  satisfactory.  The  second  one  I  saw 
some  characteristics  when  I  had  to  do  things  rapidly  that  were  not  evident 
when  I  had  things  more  in  control  in  the  first  case  so  I  will  review  the 
rating  again  and  say  that  certainly,  adequate  performance  is  attainable.  Is 
it  satisfactory  without  improvement  -  I’m  not  sure  I  can  think  of  what  I  would 
improve  specifically  but  you  can  achieve  desired  performance  and  based  on  some 
of  the  problems  that  came  on  the  second  one,  I  will  give  it  a  4.  If  I  only 
looked  at  the  first  I  would  give  it  a  2. 

BERTHE:  Safety  pilot  comments  are  that  we  took  it  over  because  there  was  an 
over-rotation  and  the  airplane  got  slow  before  it  touched  down.  We  are  ready 
to  engage  when  you  feel  is  ready. 
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PILOT:  I  could  feel  that  over-rotation  that  I  got  involved  in  near  the  end 
PIO  is  missing  -  undesirable  motions  tend  to  occur  task  compromised  I  guess  I 
would  have  to  say  yes  but  it’s  a  screwball  situation  with  a  3  PIO  rating. 

BERTHE:  We  will  engage,  start  out  turn  and  get  our  confidence  record  on  the 
next  pass. 

PILOT:  I  guess  on  that  first  one  all  the  way  around  on  this  approach  I 
thought  about  it  some  more  and  I  think  the  gusts  are  coming  in  lower  than  I 
have  seen  before  but  I’m  not  sure  certainly  this  last  one  that  I  just  flew  it 
upset  me  at  a  time  when  I  really  had  to  get  in  there  and  I  can  see  some  over- 
controlling,  over-rotation  then  ballooning  so  I  really  think  my  first  approach 
influenced  me  and  I  would  like  to  give  the  airplane  a  2  on  that  basis.  I’m 
talking  about  the  last  configuration.  I  really  think  all  things  considered 
with  the  airspeed  control  and  remembering  that  I,  and  l’m  influenced  a  little 
bit  by  Chuck  reminding  me  subtly,  I  can  see  that  I  overcontrolled  a  little  bit 
in  pitch  anyway  I’m  going  to  change  that  to  a  5  because  I  don’t  think  that  was 
desired  performance,  besides  I  don’t  like  saying  a  PIO  rating  of  3  with  a  4. 
Which  is  another  way  of  saying  it  was  inconsistent. 
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FLIGHT  740 

CONFIGURATION*  8-2-5 

PILOT* 

A 

DATE:  9/15/83 

HQ  RATING:  8 

PIO  RATING: 

4 

PILOT:  Comments  on  the  second  evaluation.  Again,  the  first  approach  was  not 
too  good,  not  as  bad  as  the  second  one.  The  second  one  was  not  good,  I  think 
it’s  controllable  but  I  do  not  consider  adequate  performance  attainable.  I 
really  got  into  a  somewhat  low  frequency  PIO  near  the  ground  and  I  could  feel 
myself  battling  to  suppress  it  so  I  think  that  is  inadequate  performance. 

Controllability  not  in  question  -  Oh,  I  think  I  was  having  to  work  at 
controllability  there  so  I  think  it  was  an  8.  The  second  approach  was  when  I 
got  into  a  damped  PIO  on  the  second  one. 

So  the  comments  are  -  The  forces  displacements  -  no  comments  there. 

The  control  in  pitch  sensitivity  seems  to  be  well  damped. 

Initial  response  doesn’t  stand  out  but  the  predictability  of  the  final 
response  did,  particularly  on  that  last  one  the  combination  of  trying  to  get 
down,  get  the  sink  rate  up,  get  that  gust  have  to  push  over  to  counteract  the 
gust  and  its  reduction  of  the  sink  rate  overcontrolling  that  and  having  to  put 
in  a  large  input  to  stop  the  airplane  from  hitting  the  ground  then  I  add  three 
oscillations  before  I  got  it  smoothed  out  enough  that  I  was  in  control  to 
touchdown  and  I  had  to  abandon  trying  to  get  it  down  in  the  desired  area. 

There  was  a  tendency  to  PIO.  The  sensitivity  was  not  a  problem  in  the  pitch. 

Airspeed  control  -  I  don’t  remember,  it  was  okay. 

Approach  performance  was  OK. 

Flare  and  touchdown  there  was  a  tendency  to  float,  a  tendency  to  overcontrol 
in  pitch  attitude. 

Unusual  control  techniques  -  I  had  to  really  concentrate  to  suppress  the 
oscillation  so  the  landing  is  more  difficult  -  the  gust  seems  to  be  very 
effective  in  disturbing  my  task  today  and  it’s  doing  that. 

Problems  -  I  have  already  noted. 

The  rating  again,  I  do  think  it’s  inadequate  performance.  I  do  think  the 
second  approach  in  particular  that  I  was  having  some  controllability  dif- 
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ficulty  having  to  work  hard  for  an  8  PIO  rating  enter  the  loop  divergent 
oscillations  -  no.  Causes  of  oscillations  -  yes.  Divergent  -  no  I  was  able 
to  damp  them  out  so  it’s  a  4. 
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FLIGHT  740 

CONFIGURATION:  8-5-5 

PILOT: 

A 

DATE*  9/15/83 

HQ  RATING:  5 

PIO  RATING: 

3 

PILOT:  Comments  on  configuration  3.  It’s  controllable  -  I  thought  I  would  do 
much  better  than  I  did  do  with  the  first  one.  I  thought  I  had  it  made,  it 
floated  a  little  bit  I  overcontrolled  slightly  went  beyond  the  desired.  The 
second  one  I  landed  before  I  thought  I  was  going  to.  I  just  didn’t  have  the 
control,  although,  1  landed  I  think  just  in  the  desired  area.  So  up-and-away 
it  felt  much  better  than  the  performance  that  I  got  so  I  was  a  little  confused 
about  that  but  I  think  I  could  do  the  job  but  I  don’t  think  it  is  satisfactory 
without  improvement.  Some  of  those  things  something  was  causing  what  I  saw  so 
I  think  only  adequate  performance  was  attainable  and  I  say  even  though  I 
landed  in  a  desired  area  I  landed  before  I  wanted  to  and  harder  than  I  wanted 
to,  so  I  wasn’t  controlling  it  in  a  desired  fashion.  So  I  think  it’s  a  5. 
I  m  sorry  to  say  that  because  I  thought  it  was  going  to  be  much  better  than 
that. 

Wheel  forces  and  displacements  -  no  comments  there. 

Pitch  and  roll  sensitivity  -  likewise  OK. 

Initial  response  -  if  I  put  in  smooth  inputs  it  felt  like  it  was  a  reasonable 
airplane,  if  I  put  in  quick  responses  I  didn’t  get  any  initial  response.  It 
felt  good  up-and-away  when  I  was  looking  at  it.  The  predictability  down  in 
close  was  a  little  poor,  not  satisfactory. 

Pitch  roll  harmony  was  OK. 

Special  pilot  inputs  -  I  didn’t  notice. any. 

Tendency  to  balloon  -  I  don’t  think  I  saw  a  PIO  in  that  sense. 

Airspeed  control  is  okay. 

Flight  path  -  no  problems  there. 

Flare  and  touchdown  there  was  a  tendency  to  float  a  little  tendency  to  over- 
control.  I  could  not  control  the  sink  rate  at  touchdown  in  a  predictable 
fashion. 

Approach  and  landing  was  worse  -  most  difficult. 
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The  gust  gives  you  a  good  control  problem.  I  don’t  know  why  today  I  think  the 
disturbance  that  the  gust  is  putting  in  is  doing  just  about  the  right  thing  it 
is  upsetting  my  trajectory  and  it’s  good.  Timing  is  good. 

The  rating  a  disappointing  5  and  I  really  don’t  think  I  got  the  job  done  with 
desired  performance  so  I  will  give  it  a  5. 

PIO  rating  -  oscillation,  undesirable  motions  tend  to  occur  -  yes  -  task 
compromised,  I  guess  it  was  an  occasion  so  that’s  a  3. 
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FLIGHT  740 

CONFIGURATION*  8-1-5 

PILOT*  A 

DATE:  9/15/83 

HQ  RATING:  4 

PIO  RATING:  1 

PILOT:  Comments  for  the  fourth  and  final  configuration  .  It’s  controllable  I 
probably  could  have  achieved  adequate  performance.  Is  it  satisfactory  without 
improvement,  question,  I  think  not,  it  has  a  characteristic  that  you  have  to 
push  forward  near  the  end  that  I  don’t  really  like  too  much.  I  tended  to  not 
be  able  to  flare  in  a  uniform  fashion  so  that  I  and  on  the  second  one  I  got  a 
gust  late  in  the  game  and  I  had  to  correct  and  I  tend  to  level  out  and  float  a 
little  bit,  although,  I  have  good  confidence  that  I  have  good  predictability 
so  I  think  it’s  a  4. 

Forces  displacements  -  nothing  noticed. 

Harmony  was  okay. 

Roll,  pitch  sensitivity  -  was  satisfactory. 

Pitch  initial  response  was  good. 

Predictability  I  thought  was  satisfactory.  Then  I  just  had  a  feeling  of  con¬ 
fidence  that  I  could  muscle  the  airplane  a  little  bit  as  I  did  on  the  last  one 
with  the  late  gust  and  not  get  into  trouble.  So  that  was  good.  Airspeed 
control  was  OK.  Spiked  on  the  last  one  a  little  bit  ahead  of  myself,  I  was 
remembering  the  airspeed  I  got  on  the  ground  as  the  nominal  airspeeds. 

Approach  performance  was  good. 

Flare  and  touchdown  -  slight  tendency  to  float,  I  tended  to  exaggerate  a 
little  bit  when  I  had  to  work  on  that  late  gust  on  the  second  one.  I  have  to 
squeeze  it  on  the  ground  by  pushing  forward.  It  tends  to  round  out  you  tend 
to  round  it  out  and  it  holds  a  couple  of  feet  in  the  air  and  then  you  have  to 
push  it  forward  to  get  it  on  the  ground  which  is  okay  as  long  as  you  don’t 
have  to  do  anything  rapidly  you  just  lose  a  little  predictability  in  touch¬ 
down. 

Approach  and  landing  -  landing  was  most  difficult  the  gusts  were  effective  in 
disturbing  my  pitch  task.  The  last  one  was  a  little  lower  than  I  have  seen 
and  it  did  destroy  my  performance  to  some  extent  but  I  still  think  I  was  able 
to  achieve  desired  performance. 
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Good  features  -  were  the  solid  feeling  of  the  airplane  1  put  it  that  I  had 
confidence  to  get  in  there  if  necessary  and  stir  things  up,  move  the  airplane 
where  I  wanted  aggressively  and  it  could  be  aggressive  if  need  be. 

Overall  Cooper-Harper  rating  -  I  sure  like  to  give  better  ratings  I  guess 
although,  l’m  still  saying  I  could  achieve  desired  performance  with  some  com¬ 
pensation  required  in  the  sense  of  having  to  push  it  on  to  the  ground. 

PIO  rating  -  oscillations  -  No  undesirable  motions  tend  to  occur  no  I  don’t 
think  there  is  anything  there  that  stands  out.  Slight  tendency  to  overcontrol 
on  a  couple,  i’ll  give  it  a  1.  Pilot  rating  4. 
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FLIGHT  741 

CONFIGURATION:  8-1-5 

PILOT:  B 

DATE:  9/19/83 

HQ  RATING:  4 

PIO  RATING:  1 

PILOT:  This  is  9/19/83  and  Ron  you  can  take  out  8  knots  of  crosswind  if  you 
want.  Flight  741  configuration  no.l  for  the  day. 

BERTHE:  Okay,  we’re  quite  high. 

PILOT:  Okay,  we’re  still  shooting  for  800  at  the  perimeter  — 

BERTHE:  Yeah. 

PILOT:  Okay,  you’re  probably  ready  for  landing.  Flaps  secure.  Fluids, 

pressure,  nosewheel  centered.  Yeah  anytime. 

BERTHE:  I  don’t  think  it  went  in  from  the  right  direction.  Take  it  out. 
PILOT:  I  don’t  think  so  either. 

BERTHE:  OK,  let’s  get  squared  away  on  which  direction  across.  The  crosswind 
is  from  the  left.' 

PILOT:  The  first  configuration  to  an  open-loop  pitch  step  and  release.  The 
airplane  returned  in  a  well  damped  fashion.  Very  close  to  the  original  theta 
and  it’s  —  I  need  to  pull  to  a  new  theta,  closed  loop  and  be  stabilized  on 
the  new  theta.  The  first  pass  with  the  right  crosswind  correction,  I  wasn’t 
conscious  of  any  large  input  to  cause  the  system  to  disconnect. 

BERTHE:  And  the  flaps. 

PILOT:  It  did  seem  that  I  was  leveling  off  some.  I  was  going  to  become  high, 
I  wasn’t  going  to  get  down  quite  as  early  as  I  wanted  to  get  down  after 
starting  the  turn.  But  I  wasn’t  conscious  of  any  large  input  to  abort  the 
approach.  Gust  input  was  what  aborted  the  approach. 

BERTHE:  Correction  for  the  gust  — 

PILOT:  Well,  I  could  tell  that  I  was  not  coming  down  as  much  as  I  wanted  to. 
I  didn’t  think  that  I  made  much  more  than  a  throttle  input  of  any  size  at  all. 
And  that  column  input  that  I  did  make  along  with  the  throttle  change  was  nose 
down. 
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Third  pass  -  Let’s  see  on  the  first  crosswind  was  put  in  the  wrong  way,  the 
second  we  disengaged  due  to  a  correction  for  the  gust  input  and  the  third  one, 
the  Kc  has  been  lowered.  This  is  the  third  one  coming  up.  Okay,  on  that 
approach,  I  was  conscious  of  getting  high  when  the  gust  came  in.  Having  dif¬ 
ficulty  in  working  the  control  and  the  gamma  got  low  in  close  leveled  off, 
then  I  came  back  on  the  power,  started  to  sink  again  from  my  flat,  low-in 
close  condition  and  then  when  I  tried  to  control  h  there  after  low  and  flat,  I 
wasn’t  able  to  do  it,  and  landed  hard,  also  landed  longer  than  I  wanted  to. 

BERTHE:  Okay,  flaps. 

PILOT:  OK,  may  have  been  desirable  for  touchdown  and  long  but  was  not  well 
controlled  from  my  perspective  either  ft  or  touchdown,  even  though  they  were  in 
that  range.  I  was  working  and  I  wasn’t  able  to  control.  Surprised  at  the 
hardness  of  the  touchdown.  I  knew  I  was  going  to  land  long  from  what  had  been 
happening  up  to  that  point.  Surprised  at  how  hard  we  touched  down.  It  was 
obvious  flying  around  the  pattern  that  there  was  going  to  be  a  sluggishness  in 
response  on  glide  path  response.  Of  course,  all  I  can  see  is  theta,  but  theta 
seems  to  be  responding  satisfactorily  to  my  inputs.  I  wouldn’t  rate  it  as 
being  excessively  sluggish  based  on  what  I  can  see  up  here. 

BERTHE:  Pretty  high  Phil. 

PILOT:  Okay.  I  think  that  was  strictly  luck.  I  made  a  large  power  change 
there  and  just  happened  to  make  the  right  one.  But  I  don’t  think  that’s 
something  I  could  repeat. 

BERTHE:  I  thought  that  was  beautiful. 

PILOT:  Well,  I  think  that  was  deceiving.  Okay,  on  the  feel,  the  forces  and 
displacements  were  satisfactory  and  instrument  harmony  was  okay.  Response  to 
the  inputs  at  altitude  -  they  were  good.  Was  a  tendency  to  PIO  in  pitch  so 
I’d  give —  well,  i’ll  go  back  and  get  that  for  you.  Gear  ratio  performance 
was  OK  into  the  start  of  the  player,  was  okay.  Flare  and  touchdown,  there  was 
a  problem  with  controlling  glide  path  and  fi  approaching  it  during  the  flare. 
There  weren’t  any  unusual  control  -  well,  there  were  unusual  control  tech¬ 
niques.  It  was  difficult  to  control  both  parameters  so  that  is  h  and  gamma 
precisely  and  could  maybe  previously  make  comments  on  glide  path  and  touch¬ 
down.  The  PIO  wasn’t  a  factor.  I’m  going  to  give  it  a  1.  Because  I  couldn’t 
precisely  control  gamma  and  h  it  warrants  improvement  definitely  in  that  cate¬ 
gory.  Performance  in  both  cases  turned  out  to  be  in  the  adequate  range.  But 
it  is  not  satisfactory  without  improvement.  What  bothered  me  most  was  the 
tendency  to  have  to  make  manipulations  to  control  gamma  in  close,  large  power 
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changes  and  come  out  okay.  So  I’m  going  to  give  that  a  6.  And  then  the 
secondary  factor  is  the  tendency  to  —  for  the  gamma  to  go  towards  zero  and 
level  out  float  and  then  have  to  try  to  control  the  flare  which  again,  I  don’t 
feel  I  can  do  easily  and  just  barely  adequately.  Pitch  response  is  very,  very 
sluggish  to  an  open  loop  step  and  release.  The  airplane  is  fairly  well 
damped,  the  new  pitch  attitude  change  where  the  release  or  the  new  pitch  atti¬ 
tude  is  close  to  where  the  release  point  was  with  maybe  about  a  15%  overshoot 
back  toward  the  original  theta.  And  pitch  attitude  changes  closed  loop  were 
difficult  to  do  precisely. 
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FLIGHT  741 

CONFIGURATION:  8-2-5 

PILOT: 

B 

DATE:  9/19/83 

HQ  RATING:  7 

PIO  RATING: 

4 

BERTHE:  Okay,  we’re  pretty  fast.  The  DLF  is  saturated. 

PILOT:  Let  me  slow  down  here.  And  I’m  not  able  to  precisely  make  that  or 
quickly  make  it.  Those  comments  were  for  the  second  configuration  (8-2-5) 
which  we’re  looking  at  today  on  the  19th.  Okay,  we  definitely  had  a  PIO  going 
there.  Just  lucked  out  in  terms  of  touchdown  on  the  flaps.  The  bottom  we’d 
get  one  cycle  and  touched  down  more  or  less  in  the  right  place  but  it  was 
again  happenstance  not  control.  There  are  large  power  changes  to  control 
gamma  and  at  the  same  time  I  got  out  of  phase  in  controlling  pitch  along  with 
the  power.  Coming  up  is  the  second  one  of  the  second  configuration  of  the 
day. 

BERTHE:  You  are  a  little  close  -  1500  ft  that  is  what  I  have  got. 

PILOT:  In  the  last  pass  on  the  attempt  to  get  on  the  runway  the  airspeed 
control  was  lousy  too  and  in  the  process  of  going  through  the  PIO  or  whatnot  I 
had  a  lot  of  trouble  on  the  left  side  of  the  runway.  On  that  one  on  the  last 

one  and  having  to  make  a  large  power  parachange  getting  it  to  a  pitch  PIO  _ 

_  having  to  push  to  land  and  landing  to  level  off  making  us  land  long  and  push 
vain  I  wasn’t  able  to  control  h  well  it  was  mainly  a  push  and  hold  to  prevent 
another  PIO.  I  wasn’t  able  to  handle  lower  the  h  to  try  to  make  a  nice  soft 
touchdown,  I  was  having  to  push  to  try  to  get  it  on  the  ground.  Instrument 
power  is  off  here. 

The  displacements  were  okay. 

Response  to  the  inputs  however  was  not  good.  The  initial  response  was 
sluggish.  Final  response  in  terms  of  pitch  attitude  was  not  very  predictable, 
special  pilot  inputs  in  close  if  you  try  to  stay  out  of  the  loop  as  much  as 
possible  will  be  fairly  low  gain  and  wait  and  see  what  happens,  but  the  lack 
of  predictability  made  that  hard  to  do  very  well,  it  was  pronounced  tendency 
to  go  into  Pio’s. 

Airspeed  control  was  not  even  an  issue  that  I  could  monitor  in  close  to  being 
busy  with  trying  to  prevent  or  minimize  the  PIOs.  Approach  performance  was 
good  until  the  gusts  came  in  fairly  close  and  then  I  had  to  make  large 
throttle  inputs  to  try  to  control  gamma. 
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The  flare  and  touchdown  was  very  difficult  to  do,  couldn’t  do  it  in  a  precise 
way  at  all.  Pio’d  at  large  gain  changes  in  gamma  and  the  control  techniques 
were  trying  to  suppress  the  oscillations  and  trying  to  take  lucky  guesses  as 
to  what  I  was  going  to  do  with  the  throttles  and  then  just  hope  that  it  worked 
out.  On  the  PIO  scale  we  definitely  had  oscillations,  they  seemed  to  be  more 
limit  cycle  or  constant  amplitude  than  divergent  so  I  guess  I  will  rate  it  as 
a  4.  I  don’t  think  they  were  necessarily  divergent  but  they  certainly  weren’t 
damped  significantly  elither.  And  on  the  other  scale.  We  are  in  as  far  as  I 
am  concerned  adequate  performance  wasn’t  attainable.  How  did  the  touchdown  h 
lineup  look?  Distance,  well  be  that  as  it  may  I  don’t  consider  my  performance 
was  what  I  would  call  adequate  and  I  think  it’s  a  matter  where  improvement  is 
required.  That  is  going  to  give  me  a  little  bit  of  a  problem  because  7  says 
adequate  performance  is  not  attainable  so  I’d  say  any  PIO  is  not  adequate  per¬ 
formance.  You  ve  got  a  PIO  and  you  are  worried  about  it  being  either  constant 
amplitude  or  possibly  being  divergent,  I’d  say  it’s  not  adequate.  I  don’t 
think  we  have  enough  performance  parameter  here  and  that  should  be  one  so  I’m 
going  to  call  that  a  7.  It’s  not  a  very  good  7  at  that. 
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FLIGHT  741 
DATE*  9/19/83 


CONFIGURATION:  8-3-5 
HQ  RATING:  7 


PILOT:  B 
PIO  RATING:  3 


PILOT:  Third  configuration  of  the  first  flight  of  the  day.  It’s  another  one 
of.  these  real  sluggish  configurations  where  to  an  open  loop  input  I  get  a 
slight  overshoot  maybe  1035  or  return  to  the  original  theta  I  release. 

BERTHE:  I  m  going  to  stay  with  you  on  this  one  because  this  is  going  to  be  a 
bad  one. 

PiLOT:  I  can  believe  it  -  I  also  tried  the  closed  loop  to  make  a  closed  loop 
delta/theta,  I  m  doing  a  real  poor  job..  On  that  run  I  had  to  make  large 
changes  and  an  oscillation  was  in  the  process  of  starting.  I  was  lucky  with 
guesses  for  power  and  I  had  to  stay  out  of  the  loop  a  good  bit  and  it  was  just 
lucky  that  it  just  happened  to  land  in  about  the  right  place  but  there  was  a 
not  much  control  being  exercised  because  of  the  fear  of  further  provoking  a 
PIO  and  I  didn  t  even  attempt  to  make  a  pitch  input  of  any  significance  to 
control  h  so  I  think  the  outcome  was  lucky  rather  than  a  result  of  being  a 
configuration  that  could  be  flown  in  a  very  controlled  fashion.  Started  pitch 
down  in  adequate  h  but  I  think  somewhat  due  to  happenstance  I  didn’t  really 
feel  that  I  had  control  over  h  or  gamma  that  was  significantly  better  than 
what  I  had  before.  The  only  fortunate  thing  was  that  the  PIO  hadn’t 
progressed  as  much  into  a  PIO  by  the  time  I  got  to  the  pitch  down  so  on  that 
time  as  I  had  in  the  other  two  cases. 

BERTHE:  We  are  getting  a  little  too  slow. 

PILOT:  Okay  on  that  pass  I  saw  the  same  symptoms  that  I  saw  before  I  was  I 
could  tell  when  I  got  in  close  here  it  was  controlling  gamma  that  probably  was 
getting  slow  because  I  could  see  some  attitude  change.  I  wasn’t  able  to  make 
a  reasonable  attempt  to  scan  the  airspeed  indicator  at  that  point  and  part  of 
that  was  due  to  the  fact  that  I  was  trying  to  be  smooth  and  not  high  gain  so  I 
was  giving  up  that  airspeed  control  I  tried  not  to  PIO. 

The  samples  for  this  configuration  -  there  has  been  a  real  difficulty  in 
trying  to  handle  the  discrete  gust  and  to  get  back  down  on  the  glide  slope  and 
control  it.  The  displacements  and  course  relationships  are  okay,  however,  the 
responses  I  have  commented  before  are  very  sluggish  and  it’s  hard  to  control 
pitch  attitude  precisely. 

Special  inputs  -  on  the  general  we  will  talk  about  them  in  terms  of  flare  and 
approach  I  guess.  There  is  a  tendency  to  PIO.  I  have  not  PlO’d  as  much  this 


configuration  as  the  last  and  I  think  that  could  be  the  configuration  rather 
than  my  control  technique. 

Airspeed  control  -  has  been  pretty  poor  in  close  and  that  was  the  reason  for 
the  abort  on  the  second  one  because  of  the  airplane  getting  slow. 

Approach  performance  way  out  has  been  reasonable  although  I  haven  t  been  very 
tightly  trying  to  maintain.  I  haven’t  had  to  go  on  the  ILS  so  I  have  been 
pretty  loose  on  the  glideslope.  The  problem  starts  in  close  right  after  the 
800  ft  point  right  after  I  turn  in  and  then  start  turning  back  to  parallel  the 
runway.  Particularly  there  is  a  problem  whereas  with  the  flare  when  the 
descrete  gust  goes  in  and  gamma  is  very  hard  to  control.  There  is  a  tendency 
to  PIO  and  therefore,  I  have  to  try  to  be  low  gain  and  try  to  stay  out  of  the 
loop  and  those  are  the  techniques  that  are  necessary.  There  is  a  tendency  to 
have  to  make  large  power  changes  I  have  to  guess  at  them  and  maybe  to  get  flat 
and  low  and  have  to  push  to  go  down  and  I  m  going  to  call  the  PIO  scale,  I  m 
going  to  call  it  a  3.  The  task  is  harder  I  couldn’t  quite  see  that  in  either 
case  did  I  get  PIO  but  there  was  certainly  undesirable  motions  that  were 
occuring  so  we  will  call  that  a  3  on  the  PIO  scale. 

On  the  Cooper-Harper  scale  I’d  say  no,  I  did  not  get  adequate  performance  and 
again  I*m  going  to  call  this  a  7. 
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FLIGHT  742 

CONFIGURATION:  8-1-5 

PILOT: 

A 

DATE:  9/20/83 

HQ  RATING:  5± 

PIO  RATING: 

2 

PILOT:  Comments  on  the  first  evaluation.  It’s  controllable  right  now.  I’m 
going  to  say  I  can  achieve  performance  so  I  am  real  happy  about  that.  It’s 
really  not  satisfactory  without  improvement,  it’s  not  predictable.  I  think  I 
hit  on  the  desired  area  but  I  don’t  think  that  it  had  adequate  performance  or 
desired  performance  in  the  sense  that  I  couldn’t  control  the  sink  rate  in  a 
predictable  fashion  so  right  now  I  think  it’s  at  least  a  5.  Let  me  talk  about 
it  some  more. 

I  did  not  notice  anything  in  the  forces  or  displacements.  The  roll  pitch  sen¬ 
sitivity  was  okay.  The  pitch  response  it  seemed  reasonable  to  me  although  the 
overall  predictability  of  my  flight  path  was  poor. 

Pitch  roll  harmony  -  no  comments  there. 

Special  pilot  technique  inputs  -  I  didn’t  develop  any.  I  didn’t  feel  like  I 
was  PlOing. 

Airspeed  control  -  was  okay. 

Approach  performance  -  no  complaints  there. 

The  flare  and  the  touchdown  -  there  was  a  tendency  to  float.  On  my  first  one 
I  didn’t  get  into  the  flare  in  a  good  orderly  fashion  but  I  couldn’t  correct 
it  and  I  ended  up  floating  quite  a  ways  and  I  kind  of  discounted  that  one  as 
getting  back  in  the  groove.  The  second  one  I  did  fairly  well  on  in  terms  of 
sink  rate  and  touchdown  but  it  does  tend  to  float.  The  third  one  I  touched 
down  fairly  smartly  and  most  importantly,  not  when  I  wanted  to  so  it’s  not 
predictable  down  in  close  for  the  touchdown.  Landing  is  the  worst.  A  big 
crosswind  today  but  I  didn’t  notice  that  affecting  my  task  in  any  off  nominal 
fashion. 

The  overall  rating  -  I  think  it’s  controllable  and  I’m  going  to  say  adequate 
performance  is  attainable,  although  it’s  not  satisfactory.  I  think  it  is  one 
you  would  like  to  fly  five  or  six  times.  I’m  going  to  say  it’s  a  little  worse 
than  the  5  or  5^  mainly  based  on  my  first  efforts. 

PIO  rating  -  I  didn’t  notice  any  oscillation. 
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Undesirable  motions  -  I  tend  to  overcontrol  a  little  bit  so  I  will  give  it  a 

2. 

I  guess  I  get  a  little  confused  because  I  don’t  think  I  had  a  PIO  but  I  do 
think  I  didn’t  control  so  I  don’t  know  what  the  reason  was  I  will  give  it  a  2, 
I  just  couldn’t  control  the  flight  path  the  way  I  wanted.  When  I  entered  the 
loop  it  causes  oscillations  -  yes  divergent  I  really  don’t  know,  I  don’t  know 
if  that  first  one  would  have  been  divergent  or  not  it  is  kind  of  academic, 
it’s  a  4  or  5,  i’ll  say  it’s  a  4  for  now,  so  it’s  a  PIO  rating  of  4. 
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FLIGHT  742 

CONFIGURATION:  8-5-5 

PILOT: 

A 

DATE:  9/20/83 

HQ  RATING:  7 

PIO  RATING: 

4 

PILOT:  Comments  on  the  third  -  I  think  it  is  controllable  whether  you  could 
achieve  adequate  performance  or  not  i’ll  debate  a  little  bit  in  a  moment. 
Let’s  say  you  can  for  now  it’s  certainly  not  satisfactory,  I  don’t  have  the 
precision  control  near  the  ground  it  has  a  tendency  to  float.  The  last  one  I 
got  a  little  pitch  bobble  going  and  it  distracted  me  from  taking  the  throttle 
off,  I  ended  up  high  and  not  in  very  good  shape  so  right  now  I  think  that  it’s 
at  least  a  6.  I  will  review  that. 

I  have  no  comments  on  feel. 

The  initial  response  seemed  reasonable,  however,  down  near  the  ground  I  got 
into  pitch  bobble  overcontrolling  small  amplitude  PIG  in  pitch  which  trans¬ 
ferred  my  attention  from  getting  the  sink  rate  organized  and  destroyed  my 
capability  to  get  down  near  the  ground  and  took  away  my  workload  capability  in 
the  throttle  and  I  just  locked  on  to  the  pitch  and  ended  up  really  messing  up 
the  landing  so  the  airspeed  control  was  poor  on  that  one  because  I  was 
overloaded  a  little  bit  in  pitch  wondering  what  was  going  on. 

Approach  performance  -  was  okay  but  the  flare  and  touchdown  there  was  a  ten¬ 
dency  to  float  and  there  was  a  tendency  to  overcontrol.  I  couldn’t  develop 
any  techniques  that  could  help  me. 

Landing  -  was  clearly  more  difficult. 

Turbulence  -  crosswind  gusts  -  not  a  factor,  the  gust  is  a  good  task 
disturber. 

The  rating  then  -  I  think  it’s  controllable.  OK,  I  think  I  should  have  done 
better  but  I  didn’t  so  I  don’t  think  I  could  achieve  adequate  performance 
overall  so  I  give  it  a  7.  I  didn’t  think  controllability  was  in  question  in 
the  sense  that  it  was  going  to  go  anywhere  but  I  did  have  that  bobble  so  I 
give  it  a  7  rating  and  a  PIO  rating  -  When  I  initiate  abrupt  maneuvers  I  do 
cause  oscillations  which  were  small  amplitude  and  not  divergent  so  it  was  a  4. 
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FLIGHT  742 

CONFIGURATION:  8-2-5 

PILOT: 

A 

DATE:  9/20/83 

HQ  RATING:  8 

PIO  RATING: 

4 

PILOT:  It’s  the  fourth  evaluation.  It’s  controllable,  I  cannot  achieve  ade¬ 
quate  performance.  Controllability  is  in  question  in  the  face  of  the  task  I 
don’t  think  these  airplanes  some  of  them  that  I  have  seen,  this  one  can  handle 
it  you  just  cannot  be  aggressive  with  the  airplane  or  you  get  into  an  over- 
controlling  situation  and  you  have  to  abandon  significant  portions  of  the  task 
like  the  throttle,  like  the  touchdown  point.  So  I  think  that  considerable 
pilot  compensations  are  required  for  control  and  the  airplane  has  major  defi¬ 
ciencies,  I’d  give  it  an  8.  A  9  says  retain  control  I  do  think  I  could  get  it 
down  on  the  ground  eventually  but  not  anywhere  near  where  you  want  it. 

I  have  no  comments  on  the  feel  or  the  sensitivity. 

Pitch  -  nothing  stands  out. 

Initial  response  -  certainly  predictability  was  poor  near  the  ground  when  I 
tried  to  be  accurate  and  quick  with  the  airplane. 

Pitch  roll  harmony  -  was  not  a  problem.  I  could  not  develop  any  special  pilot 
inputs,  certainly  it  would  be  nice  to  think  of  some  but  I  couldn’t  get  the 
airplane  down  without  overcontrolling  it.  There  was  a  tendency  to  PIO  and  it 
was  clearly  a  combination  of  flight  path,  pitch  airspeed  control  went  to  pot 
right  near  the  ground  because  I  had  to  abandon  the  throttle  just  to  try  to 
salvage  the  sink  rate  and  attitude. 

Approach  performance  -  down  to  25  ft  was  not  too  bad,  however,  the  flare  and 
touchdown  was  very  poor.  Tendency  to  float,  overcontrol  in  pitch,  gets 
serious  concerns  going  about  getting  down  on  the  ground  with  the  right  speeds 
and  attitudes. 

The  landing  was  the  worst  by  far. 

Turbulence  -  crosswinds  -  not  a  factor.  The  gust  was  a  factor  and  saying  in  a 
good  sense  it  was  a  good  task  it  did  disturb  it  near  the  end,  it  made  you  have 
to  get  in  and  correct  the  sink  rate  aggressively  and  that  is  where  things 
deteriorated  rapidly. 

In  reviewing  the  rating  -  I  think  it’s  still  what  I  said,  it’s  controllable 
but  you  cannot  do  the  job  and  controllability  is  in  question.  I  would  be 
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worried  about  hurting  myself  on  occasion  there  I  think  or  the  airplane.  So  I 
like  an  8.  I  don’t  think  the  oscillations  were  divergent  but  initiate  abrupt 
in  tight  maneuvers  did  cause  oscillation,  I  think  it’s  a  4. 
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FLIGHT  743 

CONFIGURATION:  8-3-5- 1 

PILOT: 

A 

DATE:  9/22/83 

HQ  RATING:  3 

PIO  RATING: 

1 

PILOT?  Comments  on  the  first  evaluation.  It’s  controllable  and  clearly  I 
could  achieve  adequate  performance.  I  believe  it  is  satisfactory  without 
improvement.  The  first  one  was  near  perfect  I  felt  like  I  was  a  little  lucky 
to  squeek  it  on,  I  don’t  know  what  that  is  all  about.  I’m  getting  some  feed¬ 
back. 

The  second  one  it  dropped  out  a  little  bit  because  I  put  in  a  big  power  change 
but  I  really  think  that  I  have  good  control.  I  just  felt  a  little  or  just  a 
touch  of  unpredictability  in  the  flare  as  if  I  had  a  little  bit  of  a  peculiar 
motion  but  I  certainly  did  achieve  desired  performance  and  for  now  say  it’s  a 
3,  just  because  of  that  little  bit  of  compensation  required.  I  will  talk 
about  it  some  more. 

The  ,feel  -  no  comments  there.  I  did  notice  for  the  first  time  I  seemed  to 
have  to  use  the  trim  that  wasn’t  a  problem  I  got  it  retrimmed  on  final. 

No  comments  on  the  initial  response. 

The  predictability  of  the  final  response  was  good  that  little  feeling  of 
having  to  work  just  a  little  bit  to  control  it  was  there.  If  you  are  talking 
to  me  I  can  hear  you  -  Smith  to  Berthe. 

Special  pilot  inputs  -  I  felt  like  I  wanted  to  hold  what  I  had  a  little  bit 
and  be  a  little  careful  near  the  ground  but  I  think  I  could  handle  it  well  not 
chance  to  PIO. 

Airspeed  control  was  good. 

Approach  performance  -  no  problem. 

Flare  and  touchdown  -  I  thought  there  was  just  a  slight  tendency  to  float  but 
not  a  problem.  I  just  had  to  be  a  little  careful  right  near  the  touchdown. 

The  landing  was  slightly  more  difficult. 

Effects  of  turbulence  -  crosswinds  and  gusts  were  not  a  factor. 

The  good  features  -  were  that  I  could  program  the  trajectory,  my  pitch  control 
and  my  throttle  in  a  natural  fashion  and  get  the  performance  without  very  much 
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work  and  so^  I  stick  with  it  being  satisfactory  without  improvement  and  i’ll 
just,  Oh,  I’m  going  to  back  away  and  say  that  it’s  a  2\.  I  think  it’s  just  a 
little  nudge  from  being  whatever  I  felt  there  but  I  think  it’s  a  very  easily 
manageable  airplane . 

The  PIO  rating  -  so  my  rating  is  2j. 

No  oscillations. 

No  undesirable  motions. 

The  PIO  rating  a  1. 


FLIGHT  743 

CONFIGURATION:  8-4-5 

PILOT:  A 

DATE:  9/22/83 

HQ  RATING:  1 

PIO  RATING:  1 

PILOT:  Comments  on  the  second  evaluation.  OK,  this  one  is  controllable,  ade¬ 
quate  performance  is  clearly  attainable.  It’s  also  clearly  satisfactory 
without  improvement.  I  had  good  negligible  deficiencies  and  I  think  right  now 
I  will  give  it  a  1  for  a  moment  here  just  to  talk  about  it. 

The  feel  -  in  contrast  with  some  of  the  other  airplanes  I  have  recently  seen 
it  felt  a  little  lighter  in  pitch  but  once  I  got  used  to  it,  it  wasn’t  a 
problem. 

The  pitch  and  initial  response  I  thought  was  quite  quick,  very  responsive  ini¬ 
tially  and  it  was  predictable.  You  tended  to  fly  with  a  little  dithering 
right  near  the  ground  but  you  could  do  it  with  very  small  inputs  with  good 
predictability. 

Pitch  roll  harmony  -  no  complaints. 

Special  pilot  inputs  -  just  tiny  inputs  you  could  just  dither  the  nose  up  to 
where  you  wanted  it. 

No  tendency  to  PIO. 

Sensitivity  was  good. 

Speed  control  -  because  I  was  confident  in  pitch  I  had  lots  of  time  to  do  that 
so  it  was  good. 

Approach  performance  -  no  problems  there. 

Flare  and  touchdown  -  I  had  very  good  predictability  you  could  especially 
control  the  sink  rate  very  well  and  the  interesting  thing  to  me  is  that  the 
whole  approach  from  the  offset  on  down  seemed  very  easy  in  otherwords  I  could 
get  on  the  trajectory  down  to  the  ground.  Get  the  airplane  going  down  hill 
and  continue  down  hill  in  a  nice  linear  fashion  even  with  the  gusts  coming  in, 
take  care  of  that  and  I  just  had  a  feeling  of  predictability  all  the  way  down, 
including  touchdown.  So  that  landing  and  approach  were  equally  easy. 

The  turbulence  gusts  crosswinds  were  not  a  factor. 

The  good  feature  -  very  positive  control,  it  seemed  a  little  on  the  sensitive 
side  initially  but  I  think  that  was  in  contrast  to  some  of  the  others  I  have 
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seen  so  I  found  that  I  could  do  the  job  with  confidence. 

It’s  clearly  satisfactory  -  and  I  will  express  that  by  saying  that  I  think 
it’s  excellent,  highly  desirable  and  I  will  stick  with  what  I  said  it’s  a  1, 
and  so  is  the  PIO  rating. 
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FLIGHT  743 

CONFIGURATION:  8-1-5-1 

PILOT:  A 

DATE:  9/22/83 

HQ  RATING:  2 

PIO  RATING:  1 

PILOT:  Third  evaluation.  It’s  controllable  adequate  performance  is 

attainable,  it's  satisfactory  without  improvement  -  I  think  it's  a  2. 

Force  displacements  -  no  problem  there. 

The  sensitivity  -  was  okay  it  seemed  heavier  and  less  responsive  than  the  pre¬ 
vious  one  but  was  very  predictable  -  reasonable  initial  response  and  predic¬ 
tability  of  the  final  response  was  good. 

No  special  inputs.  Again,  instinctively  you  can  uniformly  coordinate  the 
wheel  and  throttle  and  come  down  and  control  the  sink  rate  in  a  nice  propor¬ 
tional  fashion  coming  to  the  ground,  which  makes  life  easy. 

Approach  performance  was  good. 

Flare  and  touchdown  -  entirely  predictable.  No  difficulties  there. 

Approach  and  landing  were  equally  good. 

Turbulence  crosswinds  -  not  a  factor. 

Good  features  -  predictable,  satisfactory,  comfortable  airplane.  2. 
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FLIGHT  743 

CONFIGURATION:  4-3-7-1 

PILOT: 

A 

DATE:  9/22/83 

HQ  RATING:  4 

PIO  RATING: 

1 

PILOT:  Fourth  evaluation.  I  think  it’s  controllable,  I  think  you  can  achieve 
adequate  performance.  In  fact  I  could  achieve  desired  performance.  On  the 
first  approach  I  would  have  said  it  had  some  minor  but  annoying  deficiencies 
it’s  for  a  4  and  on  the  second  one  I  would  have  said  it’s  a  3.  So  let  me  just 
leave  it  at  that  and  I  will  talk  about  it  and  make  a  final  decision. 

no  complaints  about  the  feel  system. 

The  initial  and  final  response  seem  to  be  well  behaved.  Nothing  spectacular 
but  it  was  predictable  in  the  pitch. 

Special  pilot  inputs  -  I  thought  on  the  first  one  I  floated  and  had  to  ease  it 
onto  the  ground  and  sort  of  spike  it  on  rather  than  smoothly  integrated  the 
pitch  and  the  throttle  to  get  a  nice  smooth  touchdown.  The  second  one  I  did  a 
little  better. 

The  speed  control  -  it’s  good. 

Approach  performance  -  no  difficulties  there. 

The  flare  and  touchdown  -  I  did  notice  some  tendency  to  float  on  the  first  one 
whether  I  compensated  on  the  second  I  don’t  know,  but  I  did  better  on  the 
second.  These  are  not  big  problems  just  small  problems.  It  was  a  fairly  well 
behaved  airplane . 

The  landing  -  slightly  more  difficult  -  turbulence  in  crosswind  and  the  gust 
was  there  but  it  didn’t  seem  to  really  upset  my  task  a  whole  lot. 

The  good  features  -  it  was  a  pretty  solid  airplane.  Predictable. 

Reviewing  the  rating  -  I  think  that  adequate  performance  is  attainable,  I  know 
I  did  achieve  desired  performance.  I’m  going  to  say  it’s  a  4  because  the 
deficiencies  are  minor  but  annoying  and  I  guess  I’m  weighing  my  first  approach 
more  than  my  second  and  thinking  about  some  of  the  other  I  have  flown  so  I 
think  it  just  had  a  little  tendency  to  float  which  required  a  little  bit  of 
compensation  there.  In  terms  of  the  PIO  rating,  I  didn’t  see  any  oscilla¬ 
tions. 
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Undesirable  motions  -  no,  so  it’s  a  1.  Just  a  little  floating  tendency  was  my 
only  complaint. 


F-86 


FLIGHT  744 

CONFIGURATION:  8-5-5-1 

PILOT: 

A 

DATE:  9/23/83 

HQ  RATING:  4 

PIO  RATING: 

2 

PILOT;  The  comments  -  it’s  controllable,  I  think  you  could  achieve  adequate 
performance,  in  fact,  I  think  I  could  have  achieved  desired,  but  I  had  some 
problems  that  I  consider  warrant  improvement  so  right  now  I  would  say  that  I 
achieved  desired  performance  with  some  minor  problems,  so  it’s  a  4. 

On  the  rating  and  the  comments  -  the  feel  -  nothing  noted  in  the  feel  that  I 
wish  to  comment  on.  Sensitivities  -  no  complaints  there. 

Initial  response  in  pitch  -  the  predictability  seemed  good  to  me  although  when 
I  got  down  to  the  ground  there  was  a  little  bit  of  an  unexpected  touchdown,  a 
little  lack  of  control  there  that  I  have  reflected  in  the  rating  that  I  gave 
it. 

Airspeed  control  -  was  good 
Approach  performance  -  nothing  there. 

The  flare  and  touchdown  -  I  did  feel  a  little  tendency  to  hunt  and  couldn’t 
control  the  sink  rate  in  a  nice  smooth  fashion  and  the  result  was  -  I  don’t 
think  we  made  hard  touchdowns  they  were  just  slightly  unexpected  in  the  sense 
that  I  didn’t  get  it  right  when  I  wanted  it.  I  touched  down  in  the  desired 
area  I  believe. 

The  approach  and  landing  -  the  landing  was  a  little  more  difficult. 

Turbulence  -  we  did  have  a  crosswind  that  was  real  on  the  first  approach  which 
made  life  a  little  more  difficult.  Turbulence  was  not  a  factor. 

Good  features  -  I  did  feel  confident  about  being  able  to  get  the  airplane  down 
it  was  just  a  question  of  fine  precision  wasn’t  quite  there  near  the  end. 

So  overall  rating  -  I  thought  it  was,  I  could  do  the  job  and  achieve  adequate 
performance  but  not  satisfactory.  I  got  desired  performance  and  I  didn’t  work 
all  that  hard  so  I  think  a  4  is  appropriate. 

In  terms  of  the  PIO  rating  -  I  think  I  did  see  some  undesirable  motions  I 
think  the  task  was  compromised  in  the  sense  of  not  being  able  to  get  desired 
performance,  so  I  say  it’s  a  2. 
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FLIGHT  744 

CONFIGURATION:  8-3-5 

PILOT: 

A 

DATE:  9/23/83 

HQ  RATING:  7 

PIO  RATING: 

3 

PILOT:  These  are  the  comments  on  the  second  evaluation.  It  just  really  felt 
like  a  strange  airplane  to  me,  it  felt  that  I  was  out  of  phase  with  it  even  if 
it  was  just  down  wind.  I  had  a  strong  feeling  of  apprehension  with  the 
airplane,  although  the  first  one  I  didn’t  really  get  into  a  big  oscillation 
but  I  could  see  myself  just  holding  back  and  not  wanting  to  get  in  there  and  I 
tended  to  float,  I  didn’t  want  to  push  forward.  The  second  one  I  could  feel 
the  tendency  to  balloon  and  oscillate  and  despite  the  fact  on  the  second  one  I 
said  I  was  going  to  go  see  it  and  sort  of  mix  it  up  and  go  and  fly  it  down 
there  I  just  couldn’t  bring  myself  to  do  it.  I  just  felt  apprehensive  about 
the  airplane.  So  I  think  it’s  controllable,  but  I  don’t  know  where  I  would 
touch  down  likely  not  too  far  from  where  I  was  supposed  to  but  I  couldn’t 
touch  down  the  way  I  wanted  and  the  last  one  was  very  uncomfortable  to  me 
because  I  hit  the  ground  and  I  couldn’t  bring  myself  to  put  in  a  quick  enough 
input  to  try  and  stop  it  for  whatever  reason  that  you  sense.  So  I  didn’t  like 
it  and  I  don’t  think  I  would  consider  it  adequate  performance  even  though  I 
touched  down  in  the  desired  area  I  was  very  uncomfortable  with  the  airplane. 
So  I  think  I  am  going  to  give  it  a  7  because  of  that. 

The  feel  -  I  did  notice  one  thing  and  I  noticed  it  the  other  day  and  didn’t 
comment  on  it.  I  tend  to  be  coming  out  of  turns  and  really  noticing  that  on 
the  last  stage  of  the  turn  I  have  to  use  a  lot  of  nose  down  trim.  It’s  not  a 
big  event  but  I  notice  myself  trimming  more. 

The  pitch  -  It  did  not  feel  predictable  to  me  it  felt  strange  so  I  can’t  iden¬ 
tify  anything  specific  with  that  but  the  whole  thing  felt  a  little  unnatural 
to  me. 

Special  piloting  inputs  -  I  didn’t  develop  any  in  the  two  approaches  I  had.  I 
thought  there  was  a  tendency  for  what  I  call  a  PIO,  that  is  sort  of  a  com¬ 
bination  flight  path  and  pitch. 

The  approach  performance  -  this  characteristic  even  bothered  my  approach  per¬ 
formance  a  little  bit  so  the  flight  path  corrections  I  had  to  pay  more 
attention  to. 

The  flare  and  touchdown  was  the  problem.  I  had  a  tendency  to  float,  a  reluc¬ 
tance  to  get  in  and  do  something  about  it.  I  seem  to  on  the  last  one,  the 
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first  one  I  didn’t  get  the  power,  on  the  second  one  I  did  and  I  just  wasn’t 
correlated  my  two  hands  because  of  the  nature  of  the  airplane. 

Landing  was  the  worst. 

Turbulence  -  the  crosswinds  were  not  a  problem,  gust  was  an  effective  task 
element.  The  good  features  -  I  don’t  remember  any. 

Overall  rating  -  I  just  think  it’s  a  7  and  not  so  much  on  the  performance  but 
on  my  apprehension  and  my  inability  to  get  in  there  and  do  anything  about  it. 

I  didn’t  see  any  divergent  oscillation.  I  did  some  oscillations,  undesirable 
motions  and  I  do  think  they  compromised  the  task.  So  that  would  be  a  3. 
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FLIGHT  744 

CONFIGURATION:  8-3-5-I 

PILOT:  A 

DATE:  9/23/83 

HQ  RATING:  3 

PIO  RATING:  1± 

PILOT:  Third  configuration  -  It’s  controllable,  adequate  performance 
attainable,  desired  performance  so  it’s  satisfactory.  I  just  couldn’t  be  as 
quite  as  precise  as  I  wanted  to  be  right  in  close,  there’s  a  little  bit  of 
oscillation  in  flight  path  so  I  think  that  that  is  a  3  right  now. 

Second  approach  -  landing  was  much  better  than  the  first.  I  think  that’s 
generally  true  when  you  get  to  know  a  little  bit  about  the  airplane  so  I  knew 
how  far  I  could  trust  it  I  felt  fairly  confident. 

no  comments  on  the  feel. 

The  pitch  -  seemed  good  initial  response  and  predictable  with  slight 
deterioration  near  the  ground  and  my  flight  path  control  I  can’t  separate  that 
totally  from  -  I  don’t  know  if  it’s  flight  path  or  pitch  but  a  little  bit  of 
hunting  right  near  the  ground. 

Airspeed  control  was  good. 

Approach  performance  was  also  good. 

The  flare  and  touchdown  -  Just  a  little  problem  of  being  perfectly  natural 
right  near  the  ground  and  comming  on  through  with  a  constant  correction  to  get 
down  and  hunting  right  near  the  end  but  I  could  as  I  did  on  the  second  one, 
control  the  sink  rate  quite  accurately  and  the  touch  down  point  so  I  think  the 
landing  was  a  little  more  difficult  than  approach  but  not  significantly  so. 

Turbulence  was  not  a  factor. 

Good  features  -  it  was  an  airplane  I  had  confidence  in  being  able  to  touchdown 
where  I  wanted  to  with  the  sink  rate  that  I  had  predicted.  So  reviewing  the 
rating  I  stand  with  what  I  said,  I  could  certainly  get  the  job  done.  I  think 
it’s  satisfactory.  I  just  back  off  from  being  a  2  because  of  those  comments 
that  I  made  and  I  would  say  mildly  unpleasant  deficiencies,  minimal  pilot  com¬ 
pensation  are  good  words  for  it,  so  a  3  is  the  rating. 

undesirable  motions  -  I  hate  to  say  -  I  would  give  it  a  l|  and  that’s  fair. 
Just  a  little  bit  of  that  hunting  but  I  don’t  really  think  it’s  the  category 
of  undesirable  motions. 
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FLIGHT  744 

CONFIGURATION:  8-2-5-1 

PILOT: 

A 

DATE:  9/23/83 

HQ  RATING:  7 

PIO  RATING: 

4 

PILOT:  Comments  on  the  fourth  configuration.  I  was  somewhat  confused  on  the 
first  case,  I  wasn’t  sure  whether  I  had  just  made  a  good  one  look  bad  by  not 
doing  it  right  or  made  a  very  bad  one  look  good.  The  second  approach  seemed 
to  indicate  the  latter  was  the  case.  The  airplane  tended  to  have  a  flight 
path  PIO  and  did  not  or  would  not  rotate  the  airplane,  I  couldn’t  get  it 
rotated  fast  enough  so  I  tended  to  overcontrol  the  flight  path.  I  think  it’s 
controllable,  adequate  performance  -  for  the  moment  I  will  say  yes  I  could 
achieve  adequate  performance  but  it  would  be  a  6  and  I  will  likely  change  that 
based  on  the  last  one. 

The  comments  -  the  forces  displacements  -  nothing  there. 

The  pitch  roll  sensitivity  -  no  comments. 

Initial  response  in  pitch  seemed  to  be  slow  and  a  tendency  to  overcontrol  so 
the  predictability  is  poor.  Again,  I  sometimes  have  difficulty  separating  out 
what’s  flight  path  and  what’s  the  pitch  attitude  but  in  any  event  I  tended  to 
especially  on  the  last  one  get  into  an  overcontrol  situation  in  terms  of 
flight  path  and  ended  up  cycling  towards  the  ground  knowing  that  I  was  going 
to  hit  formerly  but  I  couldn’t  get  the  nose  rotated  fast  enough  or  wouldn’t 
put  in  the  large  enough  input  to  do  that.  So  the  approach  performance  itself 
I  didn’t  have  any  difficulties  there  getting  the  initial  conditions  for  the 
offsets  in  controlling  the  flight  path. 

The  flare  and  touchdown  -  the  first  one  I  just  about  touched  down,  came  within 
inches  and  then  ballooned  up  a  little  bit,  it  didn’t  seem  very  bad.  The 
second  was  an  exaggerated  version  of  that  and  I  thumped  down  and  I  am  com¬ 
paring  this  to  the  airplanes  where  I  don’t  have  those  kind  of  problems  and  I 
don’t  think  this  was  satisfactory,  therefore  - 

Approach  and  landing  -  landing  was  fairly  more  difficult.  Gust  was  a  good 
task  exciter. 

Good  features  -  I  don’t  remember  any  and  I  guess  the  second  approach  of  the 
two  stands  out.  If  we  had  all  day  we  would  likely  go  back  and  do  it  again  to 
see  which  one.  I  think  I  had  the  same  kind  of  problem  with  the  first  one 
except  it  was  just  of  a  much  smaller  magnitude.  So  think  I  it’s  controllable 
-  I  just  didn’t  like  the  airplane  I  guess.  My  control  near  the  ground  was 


not  good  so  I’m  going  to  say  it  requires  improvement  near  the  ground  the  last 
20  ft,  so  the  rating  is  a  7.  When  I  enter  the  loop  near  the  ground,  I  don’t 
get  divergent  oscillations,  I  get  some  oscillations  which  were  not  divergent, 
so  I  give  it  a  4. 
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Appendix  G 

CENTER  OF  PERCUSSION  DERIVATION 

The  center  of  rotation  (center  of  precussion)  is  the  point  on  the 
aircraft  x-axis  where  the  normal  acceleration  due  to  elevator  lift  is  balanced 
by  the  normal  acceleration  due  to  pitch  acceleration.  The  distance,  Jix,  from 
the  CG  to  the  center  of  rotation  can  be  determined  by  the  following  method: 


At  position  1T,  the  normal  acceleration  w  is  is  balanced  by  the  acce¬ 
leration  due  to  q.  i.e., 

N  =  0  =  w  -  1  q 

% 

where:  w  =  Z.  (<S  ) 

°e  e 

q  =  M{  («e)  +  M;  (J)  =,  m6  C6e)  +  M;  Z6  (Se) 
e  e  e 


or 


NL  +  M* 
o_  w 


G-l 


where 
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COMPUTER  TIME  HISTORIES  EXPANDED  SCALE 
FOR  TIME  DELAY  MEASUREMENTS 
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APPENDIX  I 


ROOT  LOCUS  PLOTS 
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3.0 


-2.0 
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Figure  M 
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ROOT  LOCUS  (CONFIGS,  1-1-1, 4-1-1, 2-1-1, 5-1-1, 8-1-5, 8-2-5,  8-3-5,84-6,  8-5-5) 
(FOR  PRE  FILTER  ROOTS  SEE  TEXT) 
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Figure  1-2  ROOT  LOCUS  (CONFIG.S  1-3-7, 4-3-7) 
(FOR  PRE  FILTER  ROOTS  SEE  TEXT) 
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Figure  1-3  ROOT  LOCUS  (CONFIG.  8  1-2-2, 4-2-2,  2-2-2,  5-2-2) 
(FOR  PRE  FILTER  ROOTS  SEE  TEXT) 
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Figure  1-6  ROOT  LOCUS  (CONFIGURATION  6-1-1  &  6-2-2) 
(FOR  PRE  FILTER  ROOTS  SEE  TEXT) 
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APPENDIX  J 


RECORDING  LIST 


PITCH  RATE  PROGRAM 
DIGITAL  TAPE  RECORDING  LIST 


Flight  +  725  -  744  Date:  1-23  Sep tenter  1983 


VARIABLE 

DESIGNATION 

NUMBER 

VARIABLE 

SOURCE 

DIGITAL 

RECORDING 

CHANNEL 

STRIP 

CHART 

NUMBER 

+.05  AeMTCG 

AMF-35 

1 

1-1 

+•5  A© 

A-3s 

2 

2-1 

AUX  45A 

+*5  QlMTCG 

AMF-2 

3 

3-1 

+.5  qi 

A-24S 

4 

4-1 

AUX  48A 

+A  aiMTCG 

AMF-6 

5 

4-2 

+A  a  i 

A-105S 

6 

3-2 

+.02  APe 

B-112S 

7 

+.04  AVjm 

AMF-34 

8 

2-2 

+.04  AV 

A-90S 

9 

1-2 

AUX  42A 

+*5  VMTCG 

AMF-8 

10 

2-5 

+.5  VT 

A-86S 

11 

1-5 

AUX  53A 

+4  ANzmpa 

AMF-26 

12 

3-3 

+4  ANZp 

A-52S 

13 

4-3 

+*A  5esT 

B-106S 

14 

2-10 

+0.1  h 

A— 80s 

15 

2-9 

AUX  47A 

+.5  ©m 

AMF -27 

16 

AUX  50A 

+40  sin  ymtcg 

AMF -25 

17 

AUX  50B 

+10  NyMTCQ 

BMF-11 

18 

2-3 

+10  NyTQQ 

A-40s 

19 

1-3 

AUX  5 IB 

+*2  PlMTCG 

BMF-7 

20 

1-4 

-2 


PITCH  RATE  PROGRAM 
DIGITAL  TAPE  RECORDING  LIST 


VARIABLE 

DESIGNATION 

NUMBER 


AUX  49B 


AUX  54B 


AUX  48B 


VARIABLE 

SOURCE 

DIGITAL 

RECORDING 

CHANNEL 

STRIP 

CHART 

NUMBER 

+.2  pj 

A-18s 

21 

2-4 

+*1  4>mtcg 

BMF-10 

22 

+.1  (J) 

A-lOs 

23 

+*5  VlMTCG 

BMF-8 

24 

3-4 

+.5  r 

A-30S 

25 

4-4 

+*4  6ec 

B-llOs 

26 

3-7 

+.02  APE 

A -43s 

27 

4-7 

+.04  AVim 

BMF-9 

28 

4-5 

+.04  AV 

A-130S 

29 

3-5 

+*5  WcG 

A-170 

30 

+.5  VT 

M74,-X 

31 

+4  ANzMP/T 

A-83S 

32 

+4  ANZ 

ZP 

SU-123 

33 

4-10 

+*4  6eST 

SU-122 

34 

+0.1  h 

SU-168 

35 

+.5  eM 

SU-169 

36 

+40  sin  ymtcg 

BMF-5 

37 

+1°  nvmtcg 

A-48s 

38 

+10  Ny-|-QQ 

SU-176 

39 

+*2  PlMTCG 

B-123S 

40 

PITCH  RATE  PROGRAM 
DIGITAL  TAPE  RECORDING  LIST 


VARIABLE 

DESIGNATION 

NUMBER 

VARIABLE 

SOURCE 

DIGITAL 

RECORDING 

CHANNEL 

STRIP 

CHART 

NUMBER 

.. 

ANZMTCG 

AMF-7 

41  | 

04 

1 

vo 

+.25  6yR 

B-157S 

42 

3-10 

*25  6aStr 

B-117S 

43 

+.25  62r 

B-148S 

44 

1-10 

+•5  6^ 

B-129S 

45 

4-8 

+.25  6a 

B-118S 

46 

2-8 

+•4  <$g 

B-107S 

47 

1-8 

+*1  6xr 

B-177S 

48 

SUA  26 

A6es 

AMF-39 

49 

1-7 

SUA  8 

+-4  «ec 

AMF-28 

50 

2-7 

AUX  55B 

*-5  $HC 

BMF-21 

51 

SUB  26 

+.1  sfts 

BMF-31 

52 

3-6 

+-2  «rD 

B-91S3 

53 

3-8 

SUA  78 

r 

+.4  6rc 

AMF-30 

54 

*25  6xCFF 

A-28 

55 

+.1  PLAP 

A-147S 

56 

SUB  7 

+.4  6AC 

AMF-31 

57 

4-6 

+‘5  OMTCG 

AMF-5 

58 
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PITCH  RATE  PROGRAM 
ON-BOARD  STRIP  CHART  RECORDING  LIST 
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Date:  1-23  September  1983 
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*  On  flights  733  and  741  configurations  3-2-4  and  4-1-1  were  dropped  due  to  poor  model  following, 
on  flight  734  configuration  8-2-5  was  dropped  due  to  improper  command  gain. 


Table  2 

TIME  DOMAIN  CRITERIA  PARAMETERS 

(Pitch  Rate  Program  Data) 

For  Figures  48  thru  57 


CONFIGURATION 

© 

a 

Ta 

Ta* 

HQR 

© 

PHQR-l 

HQR- 

PHQR-1 

SYMBOL 

© 

PHQR-2 

HQR  — 
PHQR-2 

1-1-1 

0.44 

0.35 

1.5 

6.0 

5.1 

4.5 

1.5 

1-2-2 

0.24 

0.33 

1.5 

6.8 

4.9 

4.1 

2.7 

1-3-7 

0.18 

0.31 

1.3 

4.5 

4.3 

0.2 

O 

3.9 

0.6 

2-1-1 

0.35 

0.18 

2.3 

5.1 

0.9 

O 

5.4 

0.6 

2-2-2 

0.14 

0.15 

2.0 

1.0 

3.8 

4.4 

-0.6 

O 

4.5 

-0.7 

3-1-3 

0.53 

0.19 

2.3 

3.1 

5.8 

5.7 

0.1 

D 

6.2 

-0.4 

3-2-4 

0.38 

0.16 

2.0 

2.0 

3.8 

5.3 

-1.5 

5.4 

-1.6 

4-1-1 

0.08 

1.0 

1.0 

0 

3.8 

2.5 

1.3 

2.6 

1.2 

4-2-2 

0.11 

0.52 

1.0 

0 

2.5 

3.5 

-1.0 

D> 

3.3 

-0.8 

4-3-7 

0.07 

0.36 

1.0 

0 

*7.0 

3.7 

*3.3 

> 

3.5 

*3.5 

4-3-7-1 

0 

0.45 

1.0 

0 

4.0 

3.3 

0.7 

o 

3.3 

0.7 

5-1-1 

0.12 

0.40 

1.3 

0.1 

4.5 

3.9 

0.6 

D> 

3.6 

0.9 

5-2-2 

0.13 

0.30 

1.5 

0.3 

2.5 

4.1 

-1.6 

> 

3.9 

-1.4 

6-1-1 

0.30 

0.20 

2.0 

1.4 

5.0 

4.9 

0.1 

o 

4.9 

0.1 

6-1-1-1 

0.03 

0.30 

2.0 

0.2 

3.0 

3.7 

-0.7 

□ 

3.6 

-0.6 

6-2-1 

0.10 

0.67 

1.0 

0 

3.7 

3.2 

0.5 

> 

3.1 

0.6 

6-2-1-1 

0 

0.87 

1.0 

0 

3.0 

2.5 

0.5 

o 

2.7 

0.3 

7-1-4 

0.04 

0.67 

1.0 

0 

2.8 

3.0 

-0.2 

X 

3.0 

-0.2 

8-1-5 

0 

-0.17 

2.0 

0.2 

5.2 

4.6 

0.6 

> 

4.3 

0.9 

8-1-5-1 

0.20 

-0.20 

1.5 

0.5 

2.0 

5.4 

-3.4 

o 

4.8 

-2.8 

8-2-5 

0.19 

-0.08 

2.8 

5.1 

2.6 

0 

6.1 

1.6 

8-2-5-1 

-0.19 

-0.10 

2.5 

3.1 

*3.9 

□ 

*2.4 

8-3-5 

0.17 

-0.10 

2.3 

5.1 

1.6 

o 

mm 

8-3-5-1 

-0.17 

-0.11 

2.3 

1.8 

3.0 

3.9 

-0.9 

□ 

1 

8-4-6 

0.19 

1.2 

2.3 

0.2 

1.0 

2.5 

Pa 

0 

8-5-5 

0 

-0.17 

2.0 

0.2 

6.0 

4.6 

HI 

> 

IS 1 

8-5-5-1 

0 

-0.20 

1.5 

0.1 

4.0 

KOI 

-0.7 

o 

4.3 

-0.2 

®  N*  =  N  /N 

P  ^1  Pfnax 

*  Suspect  data  points, 
see  text. 


© 


T<S 


|t0  -  l.ol 


I  a* I  +0.5] 
In*  |  +  o.5 
p 


®  PHQR-l  =  3.6  a*-  2.0  N^  +  4.3 

P 

®  PHQR-2  =  1.7  a*-  1.44  N'  +  0.55  T*  +  3.9 

P 
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Table  3 

TIME  DOMAIN  CRITERIA  PARAMETERS 

(Large  Aircraft  Data) 

For  Figures  51  thru  57 


CONFIGURATION 

© 

a 

© 

% 

Ta 

© 

V 

HQR 

© 

PHQR1 

HQR- 
PHQR  1 

SYMBOL 

© 

phqr2 

HQR- 

phqr2 

©LAT  (lo  a) 

0.67 

0.24 

4.0 

6.0 

5.0 

6.1 

-1.1 

O 

8.0 

-3.0 

LAT  (med  a) 

0.41 

0.30 

4.0 

3.3 

6.0 

5.3 

0.7 

o 

6.1 

-0.1 

LAT  (hi  a) 

0.17 

0.43 

3.2 

1.0 

4.3 

4.0 

0.3 

o 

4.1 

0.2 

LAT  (ex  hi  a) 

0.08 

0.70 

3.0 

0.3 

5.0 

3.i 

1.9 

0 

3.2 

1.8 

LAT  (N/a  =  3) 

0.08 

0.58 

3.5 

0.5 

5.3 

3.3 

2.0 

o 

3.5 

1.8 

LAT  (lo  q) 

1.0 

0.09 

6.0 

6.0 

9.0 

7.6 

1.4 

o 

8.8 

0.2 

LAT  (med  q) 

0.42 

0.21 

4.0 

5.4 

4.5 

5.3 

-0.8 

o 

7.3 

-2.8 

LAT  (hi  q) 

0.27 

0.50 

3.0 

1.2 

3.1 

4.2 

-1.1 

0 

4.3 

-1.2 

CANARD  (med  a) 

0.38 

0.50 

3.5 

2.3 

4.5 

4.6 

-0.1 

o 

5.1 

-0.6 

CANARD  (hi  a) 

0.16 

0.75 

3.5 

0.7 

4.0 

3.3 

0.7 

o 

3.5 

0.5 

CANARD  (hi  q) 

0.36 

0.70 

3.0 

1.1 

3.0 

4.1 

-1.1 

o 

4.5 

-1.1 

©SAT  (med  a) 

0.43 

0 

3.5 

6.0 

5.8 

4.2 

.  □ 

7.9 

2.1 

SAT  (hi  a) 

0.20 

0 

3.0 

6.0 

1 

5.0 

4.0 

□ 

7.5 

1.5 

SAT  (med  a) 

0.42 

0 

4.5 

6.0 

5.8 

-3.3 

□ 

7.9 

1.1 

SAT  (hi  q) 

0.28 

0 

3.0 

6.0 

5.3 

0.8 

□ 

7.7 

-1.7 

SAT  (ex  hi  q) 

0.21 

-0.08 

i  _ 

1.8 

1.6 

5.2 

-1.2 

□ 

5.3 

-1.3 

Notes: 

•  Configurations  with  time  delay  in  excess  of  150  ms  were  not  used. 

•  LAT  (Nz/a  =  0)  and  Canard  (ex  hi  a)  not  used  (rating  based  on  approach). 

•  Canard  (lo  a)  not  used  (discontinuity  between  pilot  comments  and  rating). 


©  LAT  =  Long  Aft  Tail 
©  SAT  =  Short  Aft  Tail 

©  a*=  a  /aT 
ss ,  I 


©  T<J  =  |Ta  -  1.0 | 


"  la* I  +  0.5 


|n*  |  +  0.5 


© 

ft 

II 

Nz  Mz 

© 

PHQR-1  =  3.6  a'-  2.0  N^ 

^1  ^max 

© 

1 

(If  T*  >  6.0 

let  T£  =  6.0) 

PHQR-2  =  1.7  a*-  1.44  N 

a 
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Table  4 

TIME  DOMAIN  CRITERIA  PARAMETERS 

(SST  Data) 

For  Figures  56  thru  57 


CONFIGURATION 

© 

a 

© 

Nz 

ZP 

Ta 

T0 

HQR 

© 

PHQRi 

HQR- 

PHQRj 

SYMBOL 

© 

phqr2 

HQR- 

phqr2 

1 

0 

0.36 

3.5 

0.3 

3.0 

3.6 

-0.6 

o 

3.5 

-0.5 

13 

0.06 

0.50 

3.0 

0.4 

2.8 

3.5 

-1.5 

o 

3.5 

-1.5 

20 

0.08 

0.50 

3.0 

0.47 

3.5 

3.6 

-0.1 

o 

3.6 

-0.1 

Note:  All  configurations  except  1,  13,  and  20  were  unstable  and  had  divergent 
time  histories,  consequently  time  domain  criteria  was  not  applicable. 


© 

© 


Nz  =  Nz  ^z 

P  Pi  pm 


0  Ta=  |Ta-  1-0 1 


|a  |  +  0.5  ' 
|  N^|  +  0.5 
P 


©  PHQR-1  =  3.6  a*-  2.0  N*  +  4.3 

P 

©  PHQR-2  =  1.7  a*-  1.44  N*  +  0.55  T'  +  3.9 

P 


Time  histories  did  not  include 


N_ 


,  it  was  calculated  by: 


N 


=  N. 


Tn 


57.39  ^Xmp^ 


zo  zT 

PI  ICG 

n  m„  C0.64)(125) 
*  -0-018  '  57.3(32.-27 


=  +0.025 


where:  =  0.64  deg/sec 

N  =  -0.018  g 

ZT 

iCG 

Xm„  =  125  ft 
mp 
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Table  5 

AVERAGED  COOPER-HARPER  RATINGS  AND  LEVELS 
FOR  FLIGHT  DATA 


CONFIGURATION 

AVERAGE 

C-H  RATING 

LEVEL 

1-1-1 

6.0 

2-3 

1-2-2 

6.8 

2-3 

1-3-7 

4.5 

2 

2-1-1 

6.0 

2 

2-2-2 

3.5 

1-2 

3-1-3 

5.8 

2 

3-2-4 

3.8 

1-2 

4-1-1 

3.8 

1-2 

4-2-2 

2.5 

1 

4-3-7 

7.0 

3 

4-3-7-1 

1-2 

5-1-1 

4.5 

2 

5-2-2 

2.5 

1 

6-1-1 

4.6 

2 

6-1- 1-1 

3.0 

1 

6-2-1 

3.5 

1-2 

6-2-1-1 

3.0 

1 

7-1-4 

2.8 

1 

8-1-5 

4.8 

2 

8-1-5-1 

2.0 

1 

8-2-5 

7.5 

3 

8-2-5-1 

7.0 

3 

8-3-5 

7.3 

3 

8-3-5-1 

3.0 

1 

8-4-6 

1.0 

1 

8-5-5 

6.0 

2 

8-5-5-1 

_ 

4.0 

1-2 

HQR 

1.0  -  3.0  = 

Level  1 

HQR 

3.0  -  4.0  = 

Level  1-2 

HQR 

4.0  -  6.0  = 

Level  2 

HQR 

6.0  -  7.0  = 

Level  2-3 

HQR 

7.0  -  10.0  = 

Level  3 
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Table  6 

LOWER  ORDER  EQUIVALENT  SYSTEMS  ANALYSIS 
(e  Match,  La  Fixed) 


CONFIG. 

1/t92 

wsp 

LEVEL 

3»sp 

LEVEL 

T9 

LEVEL 

OVERALL 

LEVEL 

COST 

FUNCTION 

1-1-1 

0.40 

1.51 

1 

1.45 

2 

0.194 

2 

2 

8.9 

1-2-2 

0.72 

1.96 

1 

1.08 

1 

0.188 

2 

2 

3.5 

1-3-7 

1.00 

2.21 

1 

0.94 

1 

0.173 

2 

2 

1.6 

2-1-1 

0.40 

1.07 

1 

0.81 

1 

0.186 

2 

2 

21.7* 

2-2-2 

0.72 

1.33 

1 

0.65 

1 

0.181 

2 

2 

9.0 

3-1-3 

0.40 

1.00 

1 

1.45 

2 

0.175 

2 

2 

9.0 

3-2-4 

0.72 

0.27 

3 

1.46 

2 

0.330 

3 

3 

184.0* 

4-1-1 

0.40 

2.84 

1-2 

0.80 

1 

0.183 

2 

2 

0.70 

4-2-2 

0.72 

2.81 

1 

0.80 

1 

0.181 

2 

2 

0.24 

4-3-7 

1.00 

2.52 

1 

0.88 

1 

0.171 

2 

2 

0.92 

4-3-7-1 

1.00 

2.63 

1 

0.70 

1 

0.150 

2 

2 

40.2* 

5-1-1 

0.40 

1.78 

1 

0.63 

1 

0.176 

2 

2 

2.40 

5-2-2 

0.72 

1.76 

1 

0.60 

1 

0.172 

2 

2 

0.80 

6-1-1 

0.40 

1.14 

1 

0.82 

1 

0.208 

2-3 

2-3 

71.0* 

6-1-1-1 

0.40 

1.40 

1 

0.62 

1 

0.192 

2 

2 

53.0* 

6-2-1 

0.40 

2.29 

1 

0.47 

1 

0.74 

2 

2 

1.2 

6-2-1-1 

0.40 

2.41 

1 

0.34 

1-2 

0.099 

1-2 

1-2 

257.0* 

7-1-4 

0.72 

2.80 

1 

0.90 

1 

0.166 

2 

2 

7.0 

8-1-5 

0.40 

1.43 

1 

0.57 

1 

0.173 

2 

2 

5.4 

8-1-5-1 

0.40 

1.54 

1 

0.45 

1 

0.158 

2 

2 

33.2* 

8-2-5 

0.40 

0.97 

1 

0.49 

1 

0.171 

2 

2 

8.1 

8-2-5- 1 

0.40 

1.06 

1 

0.39 

1 

0.159 

2 

2 

15.2 

8-3-5 

0.40 

1.04 

1 

0.65 

1 

0.228 

3 

3 

21.3* 

8-3-5-1 

0.40 

1.17 

1 

0.51 

1 

0.216 

3 

3 

16.0 

8-4-6 

0.40 

1.44 

1 

0.64 

1 

0.173 

2 

2 

4.7 

8-5-5 

0.40 

1.17 

1 

0.52 

1 

0.208 

2-3 

2-3 

6.2 

8-5-5-1 

0.40 

1.23 

1 _ 

1 

0.42 

1 

0.184 

2 

2 

17.4 

i _ 

nz/a  =  2.6  Cl/xe2  =  0.4),  5.0  CO. 72),  6.9  (1.0) 
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*  Poor  Fit 


Table  7 

BANDWIDTH  CRITERION  RESULTS 

(Category  C  Flight  Phase) 


TP 

“BWG 

wBW(j) 

LEVEL 

0.135 

2.49 

2.19 

2 

0.135 

2.49 

2.20 

2 

0.135 

2.49 

2.21 

2 

0.140 

1.76 

1.46 

2 

0.141 

1.76 

1.48 

2 

0.124 

2.32 

1.47 

2 

0.123 

2.32 

1.46 

2 

0.137 

3.00 

3.07 

2 

0.137 

2.85 

2.86 

2 

0.137 

2.61 

2.46 

2 

0.133 

2.78 

2.63 

2 

0.136 

2.38 

2.05 

2 

0.134 

2.19 

1.86 

2 

0.167 

1.54 

1.77 

2 

0.161 

1.75 

1.89 

2 

0.137 

2.64 

2.51 

2 

0.136 

2.76 

2.59 

2 

0.132 

2.97 

2.95 

2 

0.133 

2.05 

1.66 

2 

0.131 

2.18 

1.77 

2 

0.136 

1.41 

1.12 

2 

0.130 

1.58 

1.22 

2 

0.267 

1.12 

1.12 

3 

0.256 

1.27 

1.30 

3 

0.131 

2.13 

1.70 

2 

0.187 

1.73 

1.57 

3 

0.183 

1.85 

1.66 

3 
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Table  8 

ALTITUDE  RATE  BANDWIDTH  RESULTS 


r 


Table  9 

COMPARISON  OF  FLIGHT  DATA 
WITH  VARIOUS  PREDICTIVE  CRITERIA 

(Flying  Qualities  Levels) 


CONFIG. 

FLIGHT 

DATA 

HQR 

FLIGHT 

DATA 

BANDWIDTH 
CRITERIA 
(on  a) 

EQUIV. 

SYSTEMS 

CRITERIA 

NEAL-SMITH 
CRITERIA 
(on  e) 

BANDWIDTH 
CRITERIA 
(on  fi) 

TIME 

DOMAIN 

CRITERIA 

1-1-1 

6.0 

2-3 

2(0) 

2(0) 

1(=) 

3 

2(0) 

1-2-2 

6.8 

2-3 

2(0) 

2(0) 

1(=) 

- 

2(0) 

1-3-7 

4.5 

2 

2(+) 

2(+) 

l(-) 

1-2(0) 

1-2 

2-1-1 

6.0 

2 

2(+) 

2(+) 

1-2(0) 

3(-) 

2(+) 

2-2-2 

3.8 

1-2 

2(0) 

2(0) 

l-2(+) 

3(-) 

2(0) 

3-1-3 

5.8 

2 

2(+) 

2(+) 

l(-) 

3(-) 

2-3(0) 

3-2-4 

3.8 

1-2 

2(0) 

3(-) 

l(-) 

3(-) 

2(0) 

4-1-1 

3.8 

1-2 

2(0) 

2(0) 

- 

1(0) 

1(0) 

4-2-2 

2.5 

1 

2(-) 

2(-) 

1(+) 

1(+) 

1-2(0) 

4-3-7 

7.0 

3 

2(-) 

2(-) 

1(=) 

l-2(-) 

1— 2(— ) 

4-3-7-1 

4.0 

2 

2(+) 

2(+) 

1(+) 

1(0) 

1-2(0) 

5-1-1 

4.5 

2 

2(+) 

2(+) 

2(+) 

1-2(0) 

1-2(0) 

5-2-2 

2.5 

1 

2(-) 

2(-) 

1(+) 

1-2(0) 

1-2(0) 

6-1-1 

5.0 

2 

2(+) 

2-3 

l(-) 

3(-) 

2(+) 

6- 1-1-1 

3.0 

1 

2(-) 

2(-) 

1(+) 

2-3(=) 

1-2(0) 

6-2-1 

3.7 

1-2 

2(0) 

2(0) 

— 

1(0) 

l-2(+) 

6-2-1-1 

3.0 

1 

2(-) 

1-2 

- 

1(+) 

1(+) 

7-1-4 

2.8 

1 

2(-) 

2(-) 

1(+) 

1(+) 

1(+) 

8-1-5 

5.2 

2 

2(+) 

2(+) 

1-2(0) 

2(+) 

2(+) 

8-1-5-1 

2.0 

1 

2(-) 

2(-) 

2-3 (=) 

1-2(0) 

2(-) 

8-2-5 

7.7 

3 

2(-) 

2(-) 

2(-) 

3(+) 

2-3(0) 

8-2-5-1 

7.0 

3 

2(-) 

2(-) 

1(=) 

— 

2(-) 

8-3-5 

6.7 

3 

3(+) 

3(+) 

2(-) 

3(+) 

3(0) 

8- 3-5-1 

3.0 

1 

3(=) 

3(=) 

2(-) 

3(=) 

2(-) 

8-4-6 

1.0 

1 

2(-) 

2(-) 

1-2(0) 

1(+) 

1(+) 

8-5-5 

6.0 

2 

3(-) 

2-3 

2(+) 

2(+) 

2(+) 

8-5-5-1 

4.0 

2 

3(-) 

2(0) 

2-3(-) 

l-3(+) 

2(+) 

No.  A 

No  Grade 

Error  = 

Error  = 

Error  < 

Error  = 

Total  < 

2  Levels  (=) 

1  Level  (-) 

1  Level  (0) 

0  Level  (+) 

1  Level  Error 

0/0 

1/4% 

13/48% 

6/22% 

7/26% 

48% 

0/0 

1/4% 

11/41% 

9/33% 

6/22% 

55% 

3/11% 

4/17% 

8/33% 

5/19% 

7/29% 

48% 

2/7% 

2/8% 

6/24% 

8/32% 

9/36% 

68% 

0/0 

0/0 

4/15% 

14/52% 

9/33% 

85% 

HQR  1.0 
HQR  3.0 
HQR  4.0 
HQR  6.0 
HQR  7.0 


-  3.0  = 

-  4.0  = 

-  6.0  = 

-  7.0  = 

-  10.0  = 


Level  1 
Level  1-2 
Level  2 
Level  2-3 
Level  3 


Appendix  L 

MODEL  FOLLOWING  CONTROL  ALGORITHMS 


The  control  algorithms  in  use  for  the  pitch  rate  criteria  investiga¬ 
tion  are  specified  below  in  terms  of  linear  gains.  Some  of  these  gains  were 
fixed,  some  varied  inversely  with  model  indicated  airspeed,  Vim  (kts),  some 
varied  inversely  with  model  true  airspeed,  VjmCfps),  and  some  varied  inversely 
with  model  dynamic  pressure,  qm(psf). 


The  error  gains  multiply  the  difference  between  model  motions  at  the 
TIFS  center  of  gravity  and  TIFS  motions  -  for  example  =  8^  -  8. 

These  gains  were  as  follows: 


1322 

■5-45  • 
\ 


-2.73  -1|22  sec-‘ 

% 

m 


-2.80  [  |  ,  sec 

W 


-3.94  (tt^  \  , 


Vi 


m 


=  -8.06 


=  4.13 


=  9.07 


=  132 


kts  at 


,  sec 


,  Vfps2 

,  %/fps 

trim 


L-l 


The  feedforward  gains  were  as  follows: 


hMF 


.43  ,  sec2 

qm 


r 

PMF 


=  -1.03 


2V, 


m 


“mf 


=  -.23 


=  -67.7 


59.4 


MF 


ZCFF 


6 

fe_ 

qMF 


=  -.08 


=  -16.5 


2  VT  * 

m 


sec 


z 

“MF 


=  -7.16 


=  -.84 


'CFF 


e 

°MF 

ia. 

PMF 

6„ 


ft 


MF 


=  -6.21 


2V, 


,  sec 


m 


=  -.99  ^  sec2 


=  -1.70 


=  8.2 


'MF 

6. 


siny. 


=  263. 


MF 


=  .137 


lMF 


=  -3.13 


2VT  » 
m 


sec 


wx 

0tMF 
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5  =  59.4  psf  at  trim 

m 

VT  =  223  fps  at  trim 

m 

c  =  9.52  ft 

b  =  105.3  ft 

CFF  signifies  the  feedforward  part 
of  the  command  signal 
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SHORT  PERIOD  FREQUENCY  REQUIREMENTS  -  CLASS  HE 
CATEGORY  C  FLIGHT  PHASE  (MIL-F-8785C) 


njd  —  g/rad 


Figure  2  AUGMENTATION  LEVELS  VS  «sp  REQUIREMENTS  -  NOMINAL  ROOTS 
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SYSTEM 


C-131  COCKPIT 


STATION  6.5 


DIRECT  LIFT  FLAP  (DLF) 


DLF/SFS 
CONTROL  BOX 
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SIMULATION  COCKPIT 


SENSOR  BOX 


SIDE  FORCE  SURFACES  (SFS) 


ADAPTER  SECTION 


C-131  AC  POWER  CONSOLE 


Figure  4  USAF  TOTAL  IN-FLIGHT  SIMULATOR  (TIFS) 


Figure  7  CAPTAIN'S  INSTRUMENT  PANEL  IN  EVALUATION  COCKPIT 
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Figure  8  APPROACH  AND  LANDING  TASK 
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Figure  9  PITCH  RATE  INVESTIGATION  HQR  DISTRIBUTION 


PILOT  COMMENT  CARD 


1.  Feel 

-  Column,  wheel  forces  and  displacements,  harmony 

-  Roll  and  pitch  sensitivity 

2.  Response  to  inputs  required  to  perform  task 

-  Roll  and  pitch 

-  initial  response 

-  predictability  of  final  response 

-  pitch/roll  harmony 

-  special  pilot  inputs  -  why? 

-  tendency  to  PIO 

-  sensitivity  (gearing) 

3.  Airspeed  control  (autothrottle  OFF) 

4.  Approach  performance 

-  ILS:  glideslope,  localizer  capture  and  tracking 

-  Visual:  flight  path  corrections 

5.  Flare  and  touchdown 

-  Problems  with  line-up  flare,  touchdown, 

tendency  to  float 

-  Any  unusual  motions,  visual  cues,  etc. 

-  Any  unusual  control  techniques  required 

6.  Approach  vs.  landing 

-  Which  more  difficult 

7.  Effects  of  turbulence/wind 

8.  Summary  (brief) 

-  Good  features 

-  Problems 

9.  Overall  Cooper-Harper  Rating  -  PIO  Rating 


Figure  10  PILOT  COMMENT  CARD 
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HANDUNG  QUALITIES  RATING  SCALE 


ADEQUACY  FOR  SELECTED  TASK  OR 
REQUIRED  OPERATION* 


^  IS  it  > 

satisfactory  without 
s.  improvement?  v 


Deficiencies 
*  warrant 
improvement 


AIRCRAFT 

CHARACTERISTICS 

DEMANDS  ON  THE  PILOT 

IN  SELECTED  TASK  OR  REQUIRED  OPERATION* 

PILOT 

RATING 

Excellent 
highly  desirable 

Pilot  compensation  not  a  factor  for 
desired  performance 

o 

Good 

Negligible  deficiencies 

Pilot  compensation  not  a  factor  for 
desired  performance 

Fair  —  Some  mildly 
unpleasant  deficiencies 

Minimal  pilot  compensation  required  for 
desired  performance 

Minor  but  annoying 

Desired  performance  requires  moderate 

W7M 

deficiencies 

pilot  compensation 

122 

Moderately  objectionable 

Adequate  performance  requires 

deficiencies 

considerable  pilot  compensation 

fci 

Very  objectionable  but 

Adequate  performance  requires  extensive 

E 

tolerable  deficiencies 

pilot  compensation 

adequate X. 

yr  performance  \  No  |  Deficiencies 
^attainable  with  a  tolerabie>— require 
pilot  workload?  I  improvement 


Major  deficiencies 


Major  deficiencies 


Major  deficiencies 


Adequate  performance  not  attainable  with 
maximum  tolerable  pilot  compensation. 
Controllability  not  in  question _ 

Considerable  pilot  compensation  is  required 
for  control 

Intense  pilot  compensation  is  required  to 
retain  control 


it  controllable? 


^Improvement  1 
mandatory  j 


Major  deficiencies 


Control  will  be  lost  during  some  portion  of 
required  operation 


Coop»r-M*rp*f  flsl.  NASA  TNO-5153 


*  Definition  ol  required  operation  involve*  designation  of  flight  pease  and/or 
subphases  with  accompanying  conditions. 


Figure  11  COOPER-HARPER  HANDLING  QUALILTIES  RATING  SCALE 
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Figure  12  PIO  TENDENCY  CLASSIFICATION 


HQR  (FLIGHT  RESULTS) 
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Figure  13  PILOT  RATINGS 
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AVERAGE  HQR  (PILOT  A) 


Figure  14  PILOT  RATING  DEVIATION 
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1Ae2  =  0-38 


1/Te2  =  0.72 


Figure  15  EFFECT  OF  VARYING  (On  WITH  "CONVENTIONAL"  INTEGRAL  -  PROPORTIONAL 
PITCH  RATE  FEED  BACK  AT  TWO  VALUES  OF  1/T  q  2 


O  =  1-1-1 

©  =  1*2-2 

O  =  1-3-7 

CONFIG.  A  =  2-1-1 

A  =  2-2-2 

V  =  3-1-3 

V  *  3-2-4 

1Aq2  =0.4 

1A92  =0-72 

o 

II 

CM 

0> 

< 

> — 1 

Figure  16  EFFECT  OF  VARYING  1/x  ©  2  WITH  "CONVENTIONAL"  INTEGRAL- 

PROPORTIONAL  PITCH  RATE  FEED  BACK  (NO  LEAD/LAG  OR  WASHOUT) 


HQR  (AVERAGE) 


O  =  3-1-3  0  =  3-2-4 

CONFIG.  ^  =  4-1-1  ^  =  4-2-2  ^  =  4-3-7 

V  =  5-1-1  ^  =  5-2-2 


1/T92  =  0.4  1Aq2  =  0.72  1/Tq2  =  1-0 


Figure  17  EFFECT  OF  VARYING  1/T  ©2  WITH  LEAD/LAG  PRE-FILTER  (INCLUDES 
NEUTRAL  STATIC  CASE) 
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o  =  1-2-2 

O  =  2-2-2 

O  =  6-M 

CONFIG 

A  =  4-2-2 

A  =  5-2-2 

A  -  6-2-1 

«n 
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2.3 
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CM 
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Figure  18  EFFECT  OF  LEAD/LAG  PRE-FILTER  AT  THREE  VALUES  OF  CDn  AND  1/t©  2 
(INCLUDING  SUPER  AUGMENTED  CASES) 
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CONFIG. 

O  =  M-i 

A  =4-1-1 

0=21-1 

A  =  5-1-1  : 

0  =  6-1-1 
0  =  6-1 -1-1 
A  -  6-2-1 

V  =6-2-1  -1 

u>n 

2.8 

1.8 

2.3 

t 

0.8  j 

0.6 

0.5 
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0.38 
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SUPER  AUGMENTED 


Figure  19  EFFECTS  OF  LEAD/LAG  AND  WASHOUT  PREFILTERS  AT  1/T  02~o.4  (NON 
SHUTTLE  LIKE  CONFIGURATIONS) 
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TIME 

DELAY 

Figure  20  EFFECT  OF  WASHOUT  PRE-FI  LTER 


O  PILOT-RATED  LEVEL  1 
©  PILOT-RATED  LEVEL  2 
©  PILOT-RATED  LEVEL  3 


CATEGORY  C  FLIGHT  PHASE 


Figure  23  BANDWIDTH  CRITERION  RESULTS  CONFIGURATIONS  3,  6,  7 


O  PILOT-RATED  LEVEL  1 
©  PILOT-RATED  LEVEL  2 
©  PILOT-RATED  LEVEL  3 


8-3-5 


Figure  24  BANDWIDTH  CRITERION  RESULTS  CONFIGURATION  8 


NEAL-SMITH  PARAMETER  PLANE 


Figure  25  CONFIGURATION  1-1-1  (2  dB  DROOP) 


NEAL-SMITH  PARAMETER  PLANE 


Figure  26  CONFIGURATION  1-2-2  (2  dB  DROOP) 


NEAL-SMITH  PARAMETER  PLANE 


Figure  28  CONFIGURATION  2-1-1  (2  dB  DROOP) 


Figure  29  CONFIGURATION  2-2-2  (2  dB  DROOP) 
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Figure  31  CONFIGURATION  3-24  (2  dB  DROOP) 
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NEAL-SMITH  PARAMETER  PLANE 


REMAINING  BANDWIDTH  FREQUENCIES  DID  NOT  YIELD 
SATISFACTORY  SOLUTIONS 


Figure  32  CONFIGURATION  4-1-1  (3  dB  DROOP) 


NEAL-SMITH  PARAMETER  PLANE 

Figure  33  CONFIGURATION  4-2-2  (3  dB  DROOP) 
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FILTER 


Figure  34  CONFIGURATION  4-3-7  (2  dB  DROOP) 
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NEAL-SMITH  PARAMETER  PLANE 


Figure  35  CONFIGURATION  5-1-1  (3  dB  DROOP) 
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Figure  37  CONFIGURATION  6-1-1  (3  dB  DROOP) 
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NEAL-SMITH  PARAMETER  PLANE 
Figure  38  CONFIGURATION  7-1-4  (3  dB  DROOP) 
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NEAL-SMITH  PARAMETER  PLANE 


Figure  39  CONFIGURATION  8-1-5  (3  dB  DROOP) 


NEAL-SMITH  PARAMETER  PUNE  |T|  -  WASHOUT 

FILTER 

Figure  41  CONFIGURATION  8-3-5  (3  dB  DROOP) 
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NEAL-SMITH 


Figure  43  CONFIGURATIOIV 
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COMPARISON  OF  hp/F„  BANDWIDTH  AND  ACTUAL  PILOT  RATINGS 


VERY  GOOD  PREDICTABILITY 
WITH  li  CONTROL  IN  FLARE  v 
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Figure  46  PILOT  COMMENTS  REGARDING  ALTITUDE  RATE  CONTROL 
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ACTUAL 

COOPER- 

HARPER 

RATING 


ALTITUDE-RATE  PREDICTED  COOPER-HARPER  RATING 


Figure  47  COMPARISON  OF  ACTUAL  PILOT  RATINGS  AND  ALTITUDE  RATE  PREDICTED 
PILOT  RATINGS 
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-  O  =  PITCH  RATE  (PR)  s.-i 


PHQRi 
WHERE i 


=  3*6  (X  -  2*0  N/  +  4^3 


•/ 

a  s  a 
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Figure  50  PREDICTED  HQR  (PHQR)  VS  FLIGHT  HQR  (HQR)  (FINAL  APPROACH 
AND  FLARED  LANDING)  PITCH  RATE  PROGRAM  (1983) 
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Figure  51  PREDICTED  HQR  (PHQR)  VS  FLIGHT  HQR  (HQR)  (INSTRUMENT  APPROACH 
TO  SIMULATED  FLARED  TOUCHDOWN)  LARGE  AIRCRAFT  PROGRAM  (1981) 
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Figure  52  CORRELATION  OF  Ta  PARAMETER  (WHERE  Ta  =  TIME  TO  INTERSECTION 
OF  INITIAL  AND  STEADY  STATE  SLOPES  OF  a  RESPONSE  TO  STEP) 


AVERAGE  HQR  (FLIGHT  DATA) 


WHERE: 


' a 


+  0.05  \ 
+  0.05  j 


(FOR  >  6,  LET  T^  =  6.0) 


Figure  53  CORRELATION  OF  WEIGHTED  Ta  TERM  (T^  ) 
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•DATA  POINT  SUSPECT 
SEE  TEXT 
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Figure  54  PREDICTED  HQR  (PHQR)  VS.  FLIGHT  HQR  (HQR)  FINAL  APPROACH 
AND  FLARED  LANDING)  PITCH  RATE  PROGRAM  (1983) 
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Figure  55  PREDICTED  HQR  (PHQR)  VS.  FLIGHT  HQR  (HQR)  [FLARED  LANDINGS, 
SIMULATED  T0UCH00WN)  LARGE  AIRCRAFT  PROGRAM  (1981) 
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Figure  57  PREDICTED  HQR  (PHQR)  VS.  FLIGHT  HQR  (HQR)  (FINAL 
APPROACH  AND  FLARED  LANDING)  PITCH  RATE  PROGRAM 
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